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DATA WAREHOUSING AND DATA MINING NOTES [UNIT | and Ii]
Data Warehouse Introduction

A data warehouse is a collection of data martsessrting historical data from different
operations in the company. This data is stored stracture optimized for querying and data
analysis as a data warehouse. Table design, diorenand organization should be consistent
throughout a data warehouse so that reports oraguacross the data warehouse are consistent.
A data warehouse can also be viewed as a datababésforical data from different functions
within a company.

The term Data Warehouse was coined by Bill Inmori990, which he defined in the
following way: "A warehouse is a subject-orientékegrated, time-variant and non-volatile
collection of data in support of management's decimaking process". He defined the terms in
the sentence as follows:

Subject Oriented: Data that gives information about a particularjscbinstead of about a
company's ongoing operations.

Integrated: Data that is gathered into the data warehouse &wariety of sources and merged
into a coherent whole.

Time-variant: All data in the data warehouse is identified véatharticular time period.
Non-volatile: Data is stable in a data warehouse. More daddsd but data is never removed.

This enables management to gain a consistent piofuthe business. It is a single, complete and
consistent store of data obtained from a varietglifi€rent sources made available to end users
in what they can understand and use in a busirmegsxd. It can be

» Used for decision Support

» Used to manage and control business

» Used by managers and end-users to understand sireebsi and make judgments
Data Warehousing is an architectural construcnfdrmation systems that provides users with

current and historical decision support informatibat is hard to access or present in traditional
operational data stores

Page 1 of 34



»

«( www.onlinevirtualtutor.com

Virtual Tutor

Other important terminology

Enterprise Data warehouse: It collects all information about subjectsugtomers, products,
sales, assets, personnel) that span the entire organization

Data Mart: Departmental subsets that focus on t®elezubjects. A data mart is a segment of a
data warehouse that can provide data for repoanthanalysis on a section, unit, department or
operation in the company, e.g. sales, payroll, pctdn. Data marts are sometimes complete
individual data warehouses which are usually sm#étien the corporate data warehouse.

Decision Support System (DSS): Information technology to help the knowledge weork
(executive, manager, and analyst) makes fasterti&raecisions

Drill-down: Traversing the summarization levels from highlynsearized data to the underlying
current or old detail

Metadata: Data about data. Containing location and desomptof warehouse system
components: names, definition, structure...

Benefits of data warehousing

. Data warehouses are designed to perform well vgtgregate queries running on large

amounts of data.

The structure of data warehouses is easier foruseds to navigate, understand and
qguery against unlike the relational databases pilynaesigned to handle lots of
transactions.

. Data warehouses enable queries that cut acrossralfiff segments of a company's
operation. E.g. production data could be compagainat inventory data even if they
were originally stored in different databases wdiffierent structures.

. Queries that would be complex in very normalizethbases could be easier to build
and maintain in data warehouses, decreasing thidaaok on transaction systems.

. Data warehousing is an efficient way to manage ambrt on data that is from a
variety of sources, non uniform and scattered thinout a company.

. Data warehousing is an efficient way to manage dehiar lots of information from
lots of users.

. Data warehousing provides the capability to analgzge amounts of historical data
for nuggets of wisdom that can provide an orgaionatith competitive advantage.
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Operational and informational Data

* Operational Data:
» Focusing on transactional function such as bant wéthdrawals and deposits
* Detailed
* Updateable
* Reflects current data

* Informational Data:

» Focusing on providing answers to problems posedeaysion makers

* Summarized

* Non updateable
These differences between the informational and operational databases are
summarized in the following table.

Operational
data

Informational
data

Data content
Data organization
Data stability
Data structure

Access frequency
Access type

Usage

Response time

Current values

By application

Dynamic

Optimized for
transactions

High

Read/update/delete

Field-by-field

Predictable
Repetitive

Subsecond (<1 s)
to2-3 s

Summarized, archived, derived
By subject
Static until refreshed
Optimized for

complex queries
Medium to low

Read/aggregate
Added to

Ad hoe, unstructured
Heuristic
Several seconds

to minutes

Data Warehouse Characteristics
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* A data warehouse can be viewed as an informatietem with the following attributes:
— It is a database designed for analytical tasks

— It's content is periodically updated
— It contains current and historical data to prewadhistorical perspective of information
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Operational data store (ODS)

* ODS is an architecture concept to support dagatp-operational decision support and contains

current value data propagated from operationaliegupins

» ODS is subject-oriented, similar to a classidrdgbn of a Data warehouse

» ODS is integrated

However:
ODS DATA WAREHOUSE
Volatile Non volatile

Very current data

Current and historical data

Detailed data

Pre calculated summaries

Data warehouse Architecture and its seven componesnt

Metadata repository

Data marts

NookrwbhPE

Operational &
External Data

®

Data sourcing, cleanup, transformation, and migratdols
Warehouse/database technology
Data query, reporting, analysis, and mining tools

Data warehouse administration and management
Information delivery system
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Data warehouse is an environment, not a producttiwlg based on relational database
management system that functions as the centrasitepy for informational data.

The central repository information is surrounded riymber of key components designed to
make the environment is functional, manageablesaadssible.

The data source for data warehouse is coming frperational applications. The data entered

into the data warehouse transformed into an intedrstructure and format. The transformation

process involves conversion, summarization, filgrand condensation. The data warehouse
must be capable of holding and managing large vetuai data as well as different structure of

data structures over the time.

1 Data warehouse database

This is the central part of the data warehousingrenment. This is the item number 2 in the
above arch. diagram. This is implemented based@BNRS technology.

2 Sourcing, Acquisition, Clean up, and Transforomafl ools

This is item number 1 in the above arch diagraneyTerform conversions, summarization, key
changes, structural changes and condensation. dtiaeténsformation is required so that the
information can by used by decision support todlse transformation produces programs,
control statements, JCL code, COBOL code, UNIXmsriand SQL DDL code etc., to move the
data into data warehouse from multiple operatiggatems.
The functionalities of these tools are listed below

* To remove unwanted data from operational db

» Converting to common data names and attributes

» Calculating summaries and derived data

» Establishing defaults for missing data

» Accommodating source data definition changes

Issues to be considered while data sourcing, cleanup, extract and transfor mation:
Data heterogeneity: It refers to DBMS different urat such as it may be in different data
modules, it may have different access languagesnay have data navigation methods,

operations, concurrency, integrity and recoverycpsses etc.,

Data heterogeneity: It refers to the different whg data is defined and used in different
modules.
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Some experts involved in the development of such tools:
Prism Solutions, Evolutionary Technology Inc., WaliPraxis and Carleton
3 Meta data

It is data about data. It is used for maintaininggnaging and using the data warehouse. It is
classified into two:

Technical Meta data: It contains information about data warehouse detad by warehouse
designer, administrator to carry out developmedtrmanagement tasks. It includes,
* Info about data stores
» Transformation descriptions. That is mapping meshiodm operational db to warehouse
db
* Warehouse Object and data structure definitionsai@et data
* The rules used to perform clean up, and data eenasrtt
» Data mapping operations
» Access authorization, backup history, archive mystanfo delivery history, data
acquisition history, data access etc.,
Business Meta data: It contains info that gives info stored in data@euse to users. It includes,
» Subject areas, and info object type including qgerieports, images, video, audio clips
etc.
* Internet home pages
* Info related to info delivery system
» Data warehouse operational info such as ownersauabt trails etc.,

Meta data helps the users to understand contenfiathdhe data. Meta data are stored in a
separate data stores which is known as informdtidimactory or Meta data repository which
helps to integrate, maintain and view the contehthe data warehouse. The following lists the
characteristics of info directory/ Meta data:

» Itis the gateway to the data warehouse environment

* It supports easy distribution and replication ofntemt for high performance and

availability

» It should be searchable by business oriented kegisvo

* It should act as a launch platform for end usecimess data and analysis tools

» It should support the sharing of info

* It should support scheduling options for request

» IT should support and provide interface to othealiaptions

» It should support end user monitoring of the stafuhie data warehouse environment
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4 Access tools

Its purpose is to provide info to business userslézision making. There are five categories:
» Data query and reporting tools
* Application development tools
» Executive info system tools (EIS)
* OLAP tools
* Data mining tools

Query and reporting tools are used to generateyqaed report. There are two types of
reporting tools. They are:

* Production reporting tool used to generate reguberational reports

» Desktop report writer are inexpensive desktop tdekligned for end users.

Managed Query tools: used to generate SQL query. It uses Meta laydéwaoé in between users
and databases which offers a point-and-click aveadf SQL statement. This tool is a preferred
choice of users to perform segment identificatid@mographic analysis, territory management
and preparation of customer mailing lists etc.

Application development tools: This is a graphical data access environment witégrates
OLAP tools with data warehouse and can be useddesa all db systems

OLAP Tools: are used to analyze the data in multi dimensiandl complex views. To enable
multidimensional properties it uses MDDB and MRDBese MDDB refers multi dimensional
data base and MRDB refers multi relational dat@bas

Data mining tools: are used to discover knowledge from the data vearsd data also can be
used for data visualization and data correctioppses.

5 Data marts

Departmental subsets that focus on selected sabjébey are independent used by dedicated
user group. They are used for rapid delivery ofagled decision support functionality to end
users. Data mart is used in the following situation

» Extremely urgent user requirement

» The absence of a budget for a full scale data vearsshstrategy

* The decentralization of business needs

* The attraction of easy to use tools and mind smegect
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Data mart presents two problems:

1. Scalability: A small data mart can grow quickly multi dimensions. So that while
designing it, the organization has to pay morenstia on system scalability, consistency
and manageability issues

2. Data integration

6 Data warehouse admin and management

The management of data warehouse includes,

» Security and priority management

* Monitoring updates from multiple sources

» Data quality checks

* Managing and updating meta data

* Auditing and reporting data warehouse usage arudssta

* Purging data

* Replicating, sub setting and distributing data

* Backup and recovery

» Data warehouse storage management which includeacita planning, hierarchical
storage management and purging of aged data etc.,

7 Information delivery system

* Itis used to enable the process of subscribingléa warehouse info.
» Delivery to one or more destinations accordingaec#fied scheduling algorithm

Building a Data warehouse

There are two reasons why organizations considex @Warehousing a critical need. In other
words, there are two factors that drive you todaihd use data warehouse. They are:
Business factors:

» Business users want to make decision quickly anekctyy using all available data.
Technological factors:

» To address the incompatibility of operational dsttares
* IT infrastructure is changing rapidly. Its capadsyincreasing and cost is decreasing so
that building a data warehouse is easy

There are several things to be considered whilkelingi a successful data warehouse
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Business considerations:

Organizations interested in development of a daieelnouse can choose one of the following
two approaches:

* Top - Down Approach (Suggested by Bill Inmon)
» Bottom - Up Approach (Suggested by Ralph Kimball)

Top - Down Approach

In the top down approach suggested by Bill Inmoa,bwild a centralized repository to house
corporate wide business data. This repository lisgt&nterprise Data Warehouse (EDW). The
data in the EDW is stored in a normalized formiiden to avoid redundancy.

The central repository for corporate wide data sieip maintain one version of truth of the data.
The data in the EDW is stored at the most detaélleThe reason to build the EDW on the most
detail level is to leverage

1. Flexibility to be used by multiple departments.
2. Flexibility to cater for future requirements.

The disadvantages of storing data at the detaal kene

1. The complexity of design increases with increasavgl of detail.
2. It takes large amount of space to store data atldevel, hence increased cost.

Once the EDW is implemented we start building stibggea specific data marts which contain
data in a de normalized form also called star sehefhe data in the marts are usually
summarized based on the end users analytical esgairts.

The reason to de normalize the data in the maat govide faster access to the data for the end
users analytics. If we were to have queried a nlizeth schema for the same analytics, we
would end up in a complex multiple level joins thatuld be much slower as compared to the
one on the de normalized schema.

We should implement the top-down approach when

1. The business has complete clarity on all or migtipubject areas data warehosue
requirements.
2. The business is ready to invest considerable timlenaoney.

The advantage of using the Top Down approach tswhkébuild a centralized repository to cater
for one version of truth for business data. Thiwesy important for the data to be reliable,
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consistent across subject areas and for recommilian case of data related contention between
subject areas.

The disadvantage of using the Top Down approacthas it requires more time and initial
investment. The business has to wait for the EDWetamplemented followed by building the

data marts before which they can access their tepor

Bottom Up Approach

The bottom up approach suggested by Ralph Kimbalhiincremental approach to build a data
warehouse. Here we build the data marts separatelifferent points of time as and when the
specific subject area requirements are clear. det@ marts are integrated or combined together
to form a data warehouse. Separate data martsoanbireed through the use of conformed
dimensions and conformed facts. A conformed dingnaind a conformed fact is one that can
be shared across data marts.

A Conformed dimension has consistent dimension keymsistent attribute names and
consistent values across separate data marts.offiermed dimension means exact same thing
with every fact table it is joined.

A Conformed fact has the same definition of measusame dimensions joined to it and at the
same granularity across data marts.

The bottom up approach helps us incrementally bthle warehouse by developing and
integrating data marts as and when the requiremarsclear. We don’t have to wait for
knowing the overall requirements of the warehous& should implement the bottom up
approach when

1. We have initial cost and time constraints.
2. The complete warehouse requirements are not dféarhave clarity to only one data
mart.

The advantage of using the Bottom Up approachaisttiey do not require high initial costs and
have a faster implementation time; hence the basican start using the marts much earlier as
compared to the top-down approach.

The disadvantages of using the Bottom Up approsithat it stores data in the de normalized
format, hence there would be high space usagedtaildd data. We have a tendency of not
keeping detailed data in this approach hence Igosirt on advantage of having detail data .i.e.
flexibility to easily cater to future requirements.
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Bottom up approach is more realistic but the comiplef the integration may become a serious
obstacle.

Design considerations

To be a successful data warehouse designer muyst admlistic approach that is considering all
data warehouse components as parts of a singleleomnsgstem, and take into account all
possible data sources and all known usage requitsme

Most successful data warehouses that meet thesairgemnts have these common
characteristics:
- Are based on a dimensional model
Contain historical and current data
Include both detailed and summarized data
Consolidate disparate data from multiple sourcei$ewhtaining consistency

Data warehouse is difficult to build due to thddwling reason:

» Heterogeneity of data sources
» Use of historical data
* Growing nature of data base

Data warehouse design approach muse be busingss,dtontinuous and iterative engineering
approach. In addition to the general considerattbage are following specific points relevant to
the data warehouse design:

Data content

The content and structure of the data warehouseefieeted in its data model. The data model is
the template that describes how information willdsganized within the integrated warehouse
framework. The data warehouse data must be a el@tddta. It must be formatted, cleaned up
and transformed to fit the warehouse data model.

Meta data
It defines the location and contents of data inviaeehouse. Meta data is searchable by users to
find definitions or subject areas. In other wordsmust provide decision support oriented

pointers to warehouse data and thus provides edbijnk between warehouse data and decision
support applications.
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Data distribution

One of the biggest challenges when designing a dat@house is the data placement and
distribution strategy. Data volumes continue towgio nature. Therefore, it becomes necessary
to know how the data should be divided across pisltservers and which users should get
access to which types of data. The data can bebditdd based on the subject area, location
(geographical region), or time (current, month,ryea

Tools

A number of tools are available that are specificdesigned to help in the implementation of
the data warehouse. All selected tools must be atiblp with the given data warehouse
environment and with each other. All tools mustabge to use a common Meta data repository.

Design steps

The following nine-step method is followed in thes@yn of a data warehouse:

Choosing the subject matter

Deciding what a fact table represents
Identifying and conforming the dimensions
Choosing the facts

Storing pre calculations in the fact table
Rounding out the dimension table

Choosing the duration of the db

The need to track slowly changing dimensions
Deciding the query priorities and query models

CoNoOr~WNE

Technical considerations

A number of technical issues are to be considerdenwdesigning a data warehouse
environment. These issues include:

* The hardware platform that would house the dateharse

* The dbms that supports the warehouse data

* The communication infrastructure that connects dadéts, operational systems and end

users
* The hardware and software to support meta datasitepp
» The systems management framework that enables aifrthie entire environment
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Implementation considerations

The following logical steps needed to implemenatadvarehouse:
» Collect and analyze business requirements
» Create a data model and a physical design
» Define data sources
» Choose the db tech and platform
» Extract the data from operational db, transformclgan it up and load it into the
warehouse
* Choose db access and reporting tools
* Choose db connectivity software
» Choose data analysis and presentation s/w
* Update the data warehouse

Access tools

Data warehouse implementation relies on selectinglde data access tools. The best way to
choose this is based on the type of data can ketedlusing this tool and the kind of access it
permits for a particular user. The following ligh® various type of data that can be accessed:

» Simple tabular form data

* Ranking data

* Multivariable data

* Time series data

» Graphing, charting and pivoting data

* Complex textual search data

» Statistical analysis data

» Data for testing of hypothesis, trends and patterns

» Predefined repeatable queries

* Ad hoc user specified queries

* Reporting and analysis data

* Complex queries with multiple joins, multi levellsw@ueries and sophisticated search

criteria

Data extraction, clean up, transformation and nigmna

A proper attention must be paid to data extractitnch represents a success factor for a data
warehouse architecture. When implementing data lvoarse several the following selection
criteria that affect the ability to transform, cofidate, integrate and repair the data should be
considered:
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» Timeliness of data delivery to the warehouse

» The tool must have the ability to identify the pastar data and that can be read by
conversion tool

* The tool must support flat files, indexed filescgrcorporate data is still in this type

* The tool must have the capability to merge datefroultiple data stores

» The tool should have specification interface tagate the data to be extracted

* The tool should have the ability to read data faata dictionary

* The code generated by the tool should be complataiptainable

* The tool should permit the user to extract the regudata

* The tool must have the facility to perform datagygmd character set translation

* The tool must have the capability to create sumratidn, aggregation and derivation of
records

* The data warehouse database system must be gideféom loading data directly from
these tools

Data placement strategies

— As a data warehouse grows, there are at least ptvons for data placement. One is to
put some of the data in the data warehouse intthanstorage media.
— The second option is to distribute the data inddwa warehouse across multiple servers.

User levels
The users of data warehouse data can be classifi¢de basis of their skill level in accessing
the warehouse. There are three classes of users:

Casual users: are most comfortable in retrieving info from wavebke in pre defined formats and
running pre existing queries and reports. Thesesude not need tools that allow for building
standard and ad hoc reports

Power Users. can use pre defined as well as user defined quéesiereate simple and ad hoc
reports. These users can engage in drill down @ipag These users may have the experience of
using reporting and query tools.

Expert users. These users tend to create their own complex emeand perform standard

analysis on the info they retrieve. These user® liag knowledge about the use of query and
report tools

Page 14 of 34



»

«( www.onlinevirtualtutor.com

Virtual Tutor

Benefits of data warehousing

Data warehouse usage includes,
— Locating the right info
— Presentation of info
— Testing of hypothesis
— Discovery of info
— Sharing the analysis

The benefits can be classified into two:
* Tangible benefits (quantified / measureable):Itudes,

Improvement in product inventory

Decrement in production cost

Improvement in selection of target markets
Enhancement in asset and liability management

* Intangible benefits (not easy to quantified): klirdes,
— Improvement in productivity by keeping all datasimgle location and eliminating
rekeying of data
— Reduced redundant processing
— Enhanced customer relation

Mapping the data warehouse architecture to Multipracessor architecture

The functions of data warehouse are based on kwgoreal data base technology. The relational
data base technology is implemented in parallelmaanThere are two advantages of having
parallel relational data base technology for dedeelwouse:

Linear Speed up: refers the ability to increase the number of pssoe to reduce response time
Linear Scale up: refers the ability to provide same performancetlos same requests as the
database size increases

Types of parallelism

There are two types of parallelism:

Inter query Parallelism: In which different server threads or processesileamultiple requests
at the same time.
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Intra query Parallelism: This form of parallelism decomposes the serial S@kry into lower
level operations such as scan, join, sort etc. Tthese lower level operations are executed
concurrently in parallel.

Intra query parallelism can be done in either af tmays:

Horizontal parallelism: which means that the data base is partitionedsaamltiple disks and
parallel processing occurs within a specific tas&ttis performed concurrently on different
processors against different set of data

Vertical parallelism: This occurs among different tasks. All query comgas such as scan,
join, sort etc are executed in parallel in a pipatdi fashion. In other words, an output from one
task becomes an input into another task.

El;_pmuu
A ime
Serlal
RDBMS
e
- Vertical Parallelism
1 |Bert (Query Decomposition)
bt Horizontal Paralleliam
i (Data Partitioning)
o Parallel RDBMS
| Join (Query Decomposition,
e Data Partitioning)
i .. UD
Casel Case 2 Case ) Casa 4 >
Types of DBMS parallelism.

Data partitioning:

Data partitioning is the key component for effeetparallel execution of data base operations.
Partition can be done randomly or intelligently.

Random portioning includes random data striping across multiple slisk a single server.

Another option for random portioning is round roashion partitioning in which each record is
placed on the next disk assigned to the data base.
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Intelligent partitioning assumes that DBMS knows where a specific recotdcasted and does
not waste time searching for it across all diskee Various intelligent partitioning include:

Hash partitioning: A hash algorithm is used to calculate the partitamber based on the value
of the partitioning key for each row

Key range partitioning: Rows are placed and located in the partitions raicg to the value of
the partitioning key. That is all the rows with tkey value from A to K are in partition 1, Lto T
are in partition 2 and so on.

Schema portioning: an entire table is placed on one disk; anothde tatplaced on different disk
etc. This is useful for small reference tables.

User defined portioning: It allows a table to be partitioned on the badisacuser defined
expression.

Data base architectures of parallel processing

There are three DBMS software architecture stydepérallel processing:

1. Shared memory or shared everything Architecture
2. Shared disk architecture
3. Shred nothing architecture

Shared Memory Architecture

Tightly coupled shared memory systems, illustratedollowing figure have the following
characteristics:

« Multiple PUs share memory.

« Each PU has full access to all shared memory tlir@ugpmmon bus.
« Communication between nodes occurs via shared nyemor

« Performance is limited by the bandwidth of the mgnus.
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Shared-meamory architecture.
Symmetric multiprocessor (SMP) machines are oftaten in a cluster. Multiple SMP nodes can
be used with Oracle Parallel Server in a tightlygled system, where memory is shared among
the multiple PUs, and is accessible by all the Bidsugh a memory bus. Examples of tightly
coupled systems include the Pyramid, Sequent, andSparcServer.
Performance is potentially limited in a tightly ged system by a number of factors. These
include various system components such as the nyebasrdwidth, PU to PU communication
bandwidth, the memory available on the system,lfBebandwidth, and the bandwidth of the
common bus.

Parallel processing advantages of shared memotgrsgsare these:

- Memory access is cheaper than inter-node commumicaThis means that internal
synchronization is faster than using the Lock Mamag
- Shared memory systems are easier to administeratbhuster.

A disadvantage of shared memory systems for papabeessing is as follows:
« Scalability is limited by bus bandwidth and latenagd by available memory.

Shared Disk Architecture

Shared disk systems are typically loosely coupBcth systems, illustrated in following figure,
have the following characteristics:

- Each node consists of one or more PUs and asstoremory.

« Memory is not shared between nodes.

« Communication occurs over a common high-speed bus.

- Each node has access to the same disks and cdberces.

« A node can be an SMP if the hardware supports it.

- Bandwidth of the high-speed bus limits the numberaales (scalability) of the system.
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shared-disk architecture,

The cluster illustrated in figure is composed ofltiple tightly coupled nodes. The Distributed
Lock Manager (DLM ) is required. Examples of logsebupled systems are VAXclusters or
Sun clusters.

Since the memory is not shared among the nodeh, made has its own data cache. Cache
consistency must be maintained across the nodes #oek manager is needed to maintain the
consistency. Additionally, instance locks using BieM on the Oracle level must be maintained

to ensure that all nodes in the cluster see idandita.

There is additional overhead in maintaining thekéoand ensuring that the data caches are
consistent. The performance impact is dependentherhardware and software components,
such as the bandwidth of the high-speed bus thredgbh the nodes communicate, and DLM
performance.

Parallel processing advantages of shared diskragshee as follows:
« Shared disk systems permit high availability. Adtalis accessible even if one node dies.
- These systems have the concept of one databaseh whian advantage over shared
nothing systems.
« Shared disk systems provide for incremental growth.

Parallel processing disadvantages of shared d&tkisy are these:

« Inter-node synchronization is required, involvingNDd overhead and greater dependency
on high-speed interconnect.
+ If the workload is not partitioned well, there mag high synchronization overhead.
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« There is operating system overhead of running shadisk software.

Shared Nothing Architecture

Shared nothing systems are typically loosely caliplle shared nothing systems only one CPU
is connected to a given disk. If a table or databs$ocated on that disk, access depends entirely
on the PU which owns it. Shared nothing systemdearepresented as follows:

. Intercon necﬂon Matwork -

Lchcal
Memory Maomory Merrory Memorny

Local Local Local

-ﬁﬁ-

Dristributed memory architecture.
Shared nothing systems are concerned with accetisk®, not access to memory. Nonetheless,
adding more PUs and disks can improve scaleup.l®©FRsrallel Server can access the disks on a
shared nothing system as long as the operatingraystovides transparent disk access, but this
access is expensive in terms of latency.

Shared nothing systems have advantages and digadearfor parallel processing:
Advantages
« Shared nothing systems provide for incremental grow
« System growth is practically unlimited.
« MPPs are good for read-only databases and de@sjgport applications.
- Failure is local: if one node fails, the othersysia.

Disadvantages
« More coordination is required.

- More overhead is required for a process working aliisk belonging to another node.
- If there is a heavy workload of updates or insassin an online transaction processing
system, it may be worthwhile to consider data-ddpahrouting to alleviate contention.

Shared disk architecture vs. shared nothing architecture

Shared disk Architecture Shared nothing architecture

Requires special hardware Does not require special hardware

MNon linear scalability Provides near linear scalability

Balanced CPU or node fail-aver Balanced/Unbalanced CPU or node fail-over

Requires CPU level communication Minimal communication
at disk access

MNon disruptive maintenance Mon disruptive maintenance
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Parallel DBMS features

» Scope and techniques of parallel DBMS operations

* Optimizer implementation

» Application transparency

» Parallel environment which allows the DBMS servertake full advantage of the
existing facilities on a very low level

 DBMS management tools help to configure, tune, adanid monitor a parallel RDBMS
as effectively as if it were a serial RDBMS

* Price / Performance: The parallel RDBMS can demmatesta non linear speed up and
scale up at reasonable costs.

Parallel DBMS vendors

Oracle: Parallel Query Option (PQO)
Architecture: shared disk arch
Data partition: Key range, hash, round robin
Parallel operations: hash joins, scan and sort
Informix: eXtended Parallel Server (XPS)
Architecture: Shared memory, shared disk and shaoéhing models
Data partition: round robin, hash, schema, kegeamd user defined
Parallel operations: INSERT, UPDATE, DELELTE
IBM: DB2 Parallel Edition (DB2 PE)
Architecture: Shared nothing models
Data partition: hash
Parallel operations: INSERT, UPDATE, DELELTE, loadgcovery, index creation,
backup, table reorganization
SYBASE: SYBASE MPP
Architecture: Shared nothing models
Data partition: hash, key range, Schema
Parallel operations: Horizontal and vertical paiadim

DBMS schemas for decision support

The basic concepts of dimensional modeling aresfatimensions and measures. A fact is a
collection of related data items, consisting of sugas and context data. It typically represents
business items or business transactions. A dimerisi@ collection of data that describe one
business dimension. Dimensions determine the ctudkkackground for the facts; they are the
parameters over which we want to perform OLAP. Aasuge is a numeric attribute of a fact,

representing the performance or behavior of thénless relative to the dimensions.
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Considering Relational context, there are thredchashemas that are used in dimensional
modeling:

1. Star schema

2. Snowflake schema

3. Fact constellation schema

Star schema

The multidimensional view of data that is expresssthg relational data base semantics is
provided by the data base schema design calledsstema. The basic of stat schema is that
information can be classified into two groups:

* Facts

* Dimension
Star schema has one large central table (fact)taplé a set of smaller tables (dimensions)

arranged in a radial pattern around the centrd¢ tab
Facts are core data element being analyzed whilertions are attributes about the facts.

The determination of which schema model shoulddsaldor a data warehouse should be based
upon the analysis of project requirements, accksgbls and project team preferences.

Crimension S

PK | id_d5S

attribute 1
attribute 2

Dimension 1 Dimension 4

i PK | id dz
P | sk o P |id d1
attribute 1 [ ————_ [EHCHTC G2 | "] attribute 1

attribute 2 PK id d3 attribute 2

Dimension 2 Dimension 3

PR |id_d2 PHK |id d3

attribute 1 attribute 1
attribwte 2 attribute 2

What is star schema? The star schema architeduhe isimplest data warehouse schema. It is
called a star schema because the diagram resembBlas, with points radiating from a center.
The center of the star consists of fact table d&edpints of the star are the dimension tables.
Usually the fact tables in a star schema are irdthormal form(3NF) whereas dimensional
tables are de-normalized. Despite the fact thatstaeschema is the simplest architecture, it is
most commonly used nowadays and is recommendeddxnteO
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Fact Tables

A fact table is a table that contains summarizethencal and historical data (facts) and a
multipart index composed of foreign keys from thienary keys of related dimension tables.

A fact table typically has two types of columnsteign keys to dimension tables and measures
those that contain numeric facts. A fact table @amain fact's data on detail or aggregated level.

Dimension Tables

Dimensions are categories by which summarized ciatebe viewed. E.g. a profit summary in a
fact table can be viewed by a Time dimension (pffimonth, quarter, year), Region dimension
(profit by country, state, city), Product dimensigmofit for productl, product2).

A dimension is a structure usually composed of @nmore hierarchies that categorizes data. If
a dimension hasn't got a hierarchies and levels d¢alled flat dimension or list. The primary
keys of each of the dimension tables are part efdbmposite primary key of the fact table.
Dimensional attributes help to describe the dimamai value. They are normally descriptive,
textual values. Dimension tables are generally kma size then fact table.

Typical fact tables store data about sales whiheedision tables data about geographic region
(markets, cities), clients, products, times, ch#sine

Measures

Measures are numeric data based on columns intdatale. They are the primary data which
end users are interested in. E.g. a sales fa@ tahl contain a profit measure which represents
profit on each sale.

Aggregations are pre calculated numeric data. Bgutting and storing the answers to a query
before users ask for it, the query processing tare be reduced. This is key in providing fast
guery performance in OLAP.

Cubes are data processing units composed of fédestaand dimensions from the data
warehouse. They provide multidimensional views atfagd querying and analytical capabilities to
clients.

The main characteristics of star schema:

» Simple structure -> easy to understand schema
» Great query effectives -> small number of tablemiio
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* Relatively long time of loading data into dimensitables -> de-normalization,
redundancy data caused that size of the table deuldrge.

 The most commonly used in the data warehouse img&ations -> widely
supported by a large number of business intellig¢aols

Snowflake schemds the result of decomposing one or more of tleedisions. The many-to-
one relationships among sets of attributes of aedsion can separate new dimension tables,
forming a hierarchy. The decomposed snowflake siraosisualizes the hierarchical structure of
dimensions very well.

Fact constellation schem&or each star schema it is possible to constract ¢onstellation
schema (for example by splitting the original stelhema into more star schemes each of them
describes facts on another level of dimension ribras). The fact constellation architecture
contains multiple fact tables that share many dsimntables.

The main shortcoming of the fact constellation seads a more complicated design because
many variants for particular kinds of aggregationsinbe considered and selected. Moreover,
dimension tables are still large.

Multi relational Database:

The relational implementation of multidimensionaltal base systems are referred to as multi
relational database systems

*Data Extraction, Cleanup, and Transformation Tools
Please refer your class notes for unit test - 1

*Metadata.
Please refer your class notes for unit test - 1

*Reporting and Query tools and Applications — Tool Categories — The Need for
Applications

Please refer your class notes for unit test — 1

* Detailed notes will be given later
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The Multidimensional data Model

The multidimensional data model is an integral pa®n-Line Analytical Processing, or OLAP.
Because OLAP is on-line, it must provide answelisldy; analysts pose iterative queries during
interactive sessions, not in batch jobs that ruermight. And because OLAP is also analytic, the
gueries are complex. The multidimensional data mizddesigned to solve complex queries in
real time.

Multidimensional data model is to view it as a cubke cable at the left contains detailed sales
data by product, market and time. The cube onigid¢ associates sales number (unit sold) with
dimensions-product type, market and time with thé& variables organized as cell in an array.

This cube can be expended to include another gmiag-which can be associates with all or
only some dimensions. As number of dimensions asge number of cubes cell increase
exponentially.

Dimensions are hierarchical in nature i.e. time afision may contain hierarchies for years,
guarters, months, weak and day. GEOGRAPHY may gontauntry, state, city etc.

Relational Tables Multidimentional Cubes
Produst Blackat Tme | Link «_-"_'ﬁ_"‘“ g
Cimmisil Bit=s i1 ] : ‘ﬂ-r_.-’f __,.-"'". /
4 camny s ritei 42 ] B'Fll-lﬂ.-l_.-"l-. .-'.-.
[ Hairim 11 [55] A 1 i FiTo i) ___,.-"'". .-__.-""
[ Y [T ] 2 ik T ;
r.-""'f K .-"'f
Lol Faumils al ey b2 ’ ’
g i
1Er e G able a4y 1M ]
i
Tana LR ]| Fal l
Timsii | P &3 L)

& ad a1 &k
dfe———e Timg —i

In this cube we can observe, that each side ottive represents one of the elements of the
guestion. The x-axis represents the time, the g-a®presents the products and the z-axis
represents different centers. The cells of in thigeaepresents the number of product sold or can
represent the price of the items.
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il Total Salcs Dl
Diawi Total Sales per city Up
Tolal Sules per cily per product
Total Sales per city per store per period

This Figure also gives a different understandinghi® drilling down operations. The relations
defined must not be directly related, they relatedctly.

The size of the dimension increase, the size ofctliee will also increase exponentially. The
time response of the cube depends on the size @uibe.

Operations in Multidimensional Data Model:

Aggregation Koll-up)
— dimension reduction: e.g., total sales by city
— summarization over aggregate hierarchy: e.g., sathds by city and year -> total
sales by region and by year
Selection ¢lice) defines a subcube
— e.g., sales where city = Palo Alto and date = D85/
» Navigation to detailed datar{ll-down)
— e.g., (sales - expense) by city, top 3% of citigaberage income
* Visualization Operations (e.g., Pivot or dice)

Cognous Impromptu
What is impromptu?

Impromptu is an interactive database reporting. tib@llows Power Users to query data without
programming knowledge. When using the Impromptd, too data is written or changed in the
database. It is only capable of reading the data.

Impromptu's main features includes,

» Interactive reporting capability
« Enterprise-wide scalability

e Superior user interface

* Fastest time to result

* Lowest cost of ownership

«( www.onlinevirtualtutor.com
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Catalogs

Impromptu stores metadata in subject related feldérhis metadata is what will be used to
develop a query for a report. The metadata sabred in a file called a ‘catalog’. The catalog
does not contain any data. It just contains infdrmmaabout connecting to the database and the
fields that will be accessible for reports.

A catalog contains:
» Folders—meaningful groups of information represencolumns from one or more
tables
» Columns—individual data elements that can appeane or more folders
» Calculations—expressions used to compute requamkces from existing data
» Conditions—used to filter information so that prd certain type of information is
displayed
* Prompts—pre-defined selection criteria prompt tisers can include in reports they
create
» Other components, such as metadata, a logicabds¢ name, join information, and
user classes

You can use catalogs to
* view, run, and print reports
* export reports to other applications
» disconnect from and connect to the database
* create reports
* change the contents of the catalog
» add user classes

Prompts

You can use prompts to
« filter reports < calculate data items e formatada

Picklist Prompts

A picklist prompt presents you with a list of datams from which you select one or more
values, so you need not be familiar with the dagabd@he values listed in picklist prompts can
be retrieved from

* adatabase via a catalog when you want to selirtmation that often changes.
* acolumn in another saved Impromptu report, a srapsr a HotFile
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A report can include a prompt that asks you tocseleproduct type from a list of those available
in the database. Only the products belonging toptioeluct type you select are retrieved and
displayed in your report.

Reports

Reports are created by choosing fields from thalegtfolders. This process will build a SQL
(Structured Query Language) statement behind theesdNo SQL knowledge is required to use
Impromptu. The data in the report may be formatseated and/or grouped as needed. Titles,
dates, headers and footers and other standardotexatting features (italics, bolding, and font
size) are also available.

Once the desired layout is obtained, the reporteasaved to a report file.

This report can then be run at a different timej #re query will be sent to the database. It is
also possible to save a report as a snapshotwilhigrovide a local copy of the data. This data
will not be updated when the report is opened.

Cross tab reports, similar to Excel Pivot tables,aso easily created in Impromptu.
Frame-Based Reporting

Frames are the building blocks of all Impromptuomt and templates. They may contain report
objects, such as data, text, pictures, and charts.

There are no limits to the number of frames that gan place within an individual report or
template. You can nest frames within other franoegroup report objects within a report.

Different types of frames and its purpose for éreptrame based reporting

* Form frame: An empty form frame appears.

» List frame: An empty list frame appears.

» Text frame: The flashing I-beam appears where ywubegin inserting text.

* Picture frame: The Source tab (Picture Propertiaog box) appears. You can use this
tab to select the image to include in the frame.

» Chart frame: The Data tab (Chart Properties dialmg appears. You can use this tab to
select the data item to include in the chart.

* OLE Object: The Insert Object dialog box appearemghyou can locate and select the
file you want to insert, or you can create a nejyedbusing the software listed in the
Object Type box.
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Impromptu features

OLAP

OLAP

Unified query and reporting interface: It unifies both query and reporting
interface in a single user interface

Object oriented architecture: It enables an inheritance based administration
so that more than 1000 users can be accommodagasifisas single user
Complete integration with PowerPlay: It provides an integrated solution for
exploring trends and patterns

Scalability: Its scalability ranges from single user to 100€rus

Security and Control: Security is based on user profiles and their elass

Data presented in a business context: It presents information using the
terminology of the business.

Over 70 pre defined report templates. It allows users can simply supply the
data to create an interactive report

Frame based reporting: It offers number of objects to create a user daesig
report

Business relevant reporting: It can be used to generate a business relevant
report through filters, pre conditions and calaolas

Database independent catalogs. Since catalogs are in independent nature

they require minimum maintenance

stands for Online Analytical Processing. lesisdatabase tables (fact and dimension

tables) to enable multidimensional viewing, anayamid querying of large amounts of data. E.g.

OLAP

technology could provide management with faisswers to complex queries on their

operational data or enable them to analyze thenpamy's historical data for trends and patterns.
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Online Analytical Processing (OLAP) applicationsdanols are those that are designed to ask
“‘complex queries of large multidimensional collecs of data.” Due to that OLAP is
accompanied with data warehousing.

Need

The key driver of OLAP is the multidimensional n&wf the business problem. These problems
are characterized by retrieving a very large nuniferecords that can reach gigabytes and
terabytes and summarizing this data into a fornorimftion that can by used by business
analysts.

One of the limitations that SQL has, it cannot esent these complex problems. A query will be
translated in to several SQL statements. These S@lements will involve multiple joins,
intermediate tables, sorting, aggregations and ge temporary memory to store these tables.
These procedures required a lot of computation kviidl require a long time in computing. The
second limitation of SQL is its inability to use thhematical models in these SQL statements. If
an analyst, could create these complex statememg $QL statements, still there will be a
large number of computation and huge memory neddestefore the use of OLAP is preferable
to solve this kind of problem.

Categories of OLAP Tools
MOLAP

This is the more traditional way of OLAP analysin MOLAP, data is stored in a
multidimensional cube. The storage is not in tHati@nal database, but in proprietary formats.
That is, data stored in array-based structures.

Advantages
- Excellent performance: MOLAP cubes are built fatfdata retrieval, and are optimal for
slicing and dicing operations.
« Can perform complex calculations: All calculatiomgve been pre-generated when the
cube is created. Hence, complex calculations aremy doable, but they return quickly.

Disadvantages

- Limited in the amount of data it can handle: Beeaai$ calculations are performed when
the cube is built, it is not possible to includiage amount of data in the cube itself. This
is not to say that the data in the cube cannotdrve from a large amount of data.
Indeed, this is possible. But in this case, oniysiary-level information will be included
in the cube itself.

« Requires additional investment: Cube technologyoéten proprietary and do not already
exist in the organization. Therefore, to adopt M@L#echnology, chances are additional
investments in human and capital resources aresdeed
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Database Server MOLAP Server Front-end Tool
= . Tnfo.
s Request
Load i et
RDBMS | 39" | | Metadata. ||,
. Request Result
Result Proc t‘.‘i.'li ne Sel
Set =

Examples: Hyperion Essbase, Fusion (Informatioid@ts)

ROLAP

This methodology relies on manipulating the dataest in the relational database to give the
appearance of traditional OLAP's slicing and dicfngctionality. In essence, each action of
slicing and dicing is equivalent to adding a "WHERHause in the SQL statement. Data stored
in relational tables

Advantages

Can handle large amounts of data: The data siz&ation of ROLAP technology is the
limitation on data size of the underlying relatibiatabase. In other words, ROLAP
itself places no limitation on data amount.

Can leverage functionalities inherent in the relai database: Often, relational database
already comes with a host of functionalities. ROL#Ehnologies, since they sit on top
of the relational database, can therefore levettagge functionalities.

Disadvantages

Performance can be slow: Because each ROLAP repadsentially a SQL query (or
multiple SQL queries) in the relational databases tjuery time can be long if the
underlying data size is large.

Limited by SQL functionalities: Because ROLAP teclugy mainly relies on generating
SQL statements to query the relational databaskeS&)L statements do not fit all needs
(for example, it is difficult to perform complex Icalations using SQL), ROLAP
technologies are therefore traditionally limited Wwhat SQL can do. ROLAP vendors
have mitigated this risk by building into the tamlit-of-the-box complex functions as
well as the ability to allow users to define thaivn functions.
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Database Server ROLAP Server Front-end Tool
— Info.
Requesi
-

RDBMS | Result| | Metadata Result
Set | | Request Set
Processing

Examples: Microstrategy Intelligence Server, Meth€ (Informix/IBM)
HOLAP (MQE: Managed Query Environment)

HOLAP technologies attempt to combine the advarstagé MOLAP and ROLAP. For
summary-type information, HOLAP leverages cube nedbgy for faster performance. It stores
only the indexes and aggregations in the multidsmeral form while the rest of the data is
stored in the relational database.

Database Server Front-end Taol
SO Query

Rievult Set

OR

Lo ngd MOLAP Server Info.

.| SQL i R’ i
Result ’ e

Set Resuli
Set
Examples: PowerPlay (Cognos), Brio, Microsoft As#édyServices, Oracle Advanced Analytic

Services
OLAP Guidelines

Dr. E.F. Codd the “father” of the relational modeieated a list of rules to deal with the OLAP
systems. Users should priorities these rules aooprib their needs to match their business
requirements (reference 3). These rules are:

1) Multidimensional conceptual view: The OLAP shouldoyde an appropriate
multidimensional Business model that suits the Bess problems and Requirements.
2) Transparency: The OLAP tool should provide transpey to the input data for the users.
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3)
4)
5)
6)
7
8)

9)

Accessibility: The OLAP tool should only access tteta required only to the analysis
needed.

Consistent reporting performance: The Size of taalthse should not affect in any way
the performance.

Client/server architecture: The OLAP tool shoule uke client server architecture to
ensure better performance and flexibility.

Generic dimensionality: Data entered should bewedemt to the structure and operation
requirements.

Dynamic sparse matrix handling: The OLAP too shdmddable to manage the sparse
matrix and so maintain the level of performance.

Multi-user support: The OLAP should allow seversérs working concurrently to work
together.

Unrestricted cross-dimensional operations: The OlU&& should be able to perform
operations across the dimensions of the cube.

10)Intuitive data manipulation. “Consolidation path-agentation, drilling down across

columns or rows, zooming out, and other maniputatiherent in the consolidation path
outlines should be accomplished via direct actiparuthe cells of the analytical model,
and should neither require the use of a menu noltiplau trips across the user
interface.”(Reference 4)

11)Flexible reporting: It is the ability of the toa present the rows and column in a manner

suitable to be analyzed.

12)Unlimited dimensions and aggregation levels: Thépahds on the kind of Business,

where multiple dimensions and defining hierarclui@s be made.

In addition to these guidelines an OLAP system khalso support:

Comprehensive database management tools: This ¢ne database management to
control distributed Businesses

The ability to drill down to detail source recombvél: Which requires that The OLAP
tool should allow smooth transitions in the multiéinsional database.

Incremental database refresh: The OLAP tool shprddide partial refresh.

Structured Query Language (SQL interface): the OL#\Rtem should be able to
integrate effectively in the surrounding enterpes@ironment.

OLTP vs OLAP

OLTP stands for On Line Transaction Processingisuaddata modeling approach typically used
to facilitate and manage usual business applicatibtost of applications you see and use are
OLTP based. OLTP technology used to perform updatesperational or transactional systems
(e.g., point of sale systems)

OLAP stands for On Line Analytic Processing an@dnsapproach to answer multi-dimensional
gueries. OLAP was conceived for Management InfoimnaSystems and Decision Support
Systems. OLAP technology used to perform completyars of the data in a data warehouse.
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The following table summarizes the major differenbetween OLTP and OLAP system design.

OLTP
Online  Transaction
(Operational System)

Syster
Process

OLAP
Online Analytical
(Data Warehouse)

Systen
Processir

Source of datg

Operational data; OLTPs are
original source of the data.

Consolidation data; OLAP data con
from the various OLTP Databases

Purpose C
data

To control and run fundamen

business tasks

To help with planning, problem solviy
and decision support

What the data

Reveals a snapshot
business processes

of ongo

Multi-dimensional views of various kin
of business activities

Inserts anl|Short and fast inserts and upd{Periodic long-running baltc jobs refres
Updates initiated by end users the data
Relatively standardized and sim . : .
. . . : Often  complex queries involvi
Queries gueries Returning relatively fe .
aggregations
records
Depends on the amount of data invol
Processing Tvpically verv fast batch data refreshes asdmplex querie
Speed ypically very may take many hours; query speed c3
improved by creating indexes
Space Can be relatively small if historig Larger due to the existence of aggregg

Requirements

data is archived

structures and history data; requires n
indexes than OLTP

Database _ . . Typically denormalized with fewe

Design Highly normalized with many tablegtables; use of star and/or snowfl
schemas

Backup religiously; operational diinstead of regular backups, sa

Backup  an(jis critical to run the business, djenvironments may consider sim

Recovery loss is likely to atail significan|reloading the OLTP data as a reco

monetary loss and legal liability

method
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