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Introduction to OnLine Analytical Processing

The need for more intensive decision support prompted the
Introduction of a new generation of tools. These new tooals,
called online analytica processing (OLAP), create an
advanced data analysis environment that supports decision
making, business modeling, and operations research.

OLAP systems share four main characteristics:

Use multidimensional data analysis techniques.
Provide advanced database support.
Provide easy-to-use end-user interfaces.

Support client/server architectures.
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Multidimensional Data Analysis Technigues

The most distinct characteristic of OLAP tools is their capacity for
multidimensional analysis. In multidimensional anaysis, data are
processed and viewed as part of a multidimensional structure. This view
of data analysis is particularly attractive to business decison makers
because they tend to view business data as data that are related to other
business data.

Multidimensional analysis techniques are augmented by:

— Advanced data presentation functions. 3D graphics, pivot tables, crosstabs, data
rotation, three-dimensional cubes, and so on.

— Advanced data aggregation, consolidation, and classification functions that all the
business data analyst to create multiple data aggregation levels, slice and dice, and drill
down and roll up data across different dimensions and aggregation level.s. For
example aggregating data across the time dimension (by day, week, month, quarter,
year) allows the analyst to drill down and roll up across time dimensions.

— Advanced computational functions: business-oriented variables (market share, period
comparisons, sales margins), financial and accounting ratios (profitability, overhead,
cost allocations, returns, etc.).

— Advanced data modeling functions. support for “what-if” scenarios, variable
assessment, linear programming, variable contributions to outcome, €tc.
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Advanced Database Support

OLAP tools must have many advanced data access features.
These features include:

—  Access to many different kinds of DBMSs, flat files, and internd and
external data sources.

— Access to aggregated data warehouse data as well as to the detalled
data found in operational databases.

— Rapid and consistent query response times.

—  The ability to map end-user requests, expressed in either business or
model terms, to the appropriate data source and then to the proper
data access language (typically SQL). The query code must be
optimized to match the data source, regardiess of whether the source
IS operational or warehouse data.

—  Support for VLDBs (Very Large Databases).
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Easy to Use End User Interface

Developers of OLAP tools learned very early in the game that
OLAP tools are much more useful if accessto them is kept ssmple.

Most of the commercially available OLAP tools have easy to user
GUIs and many of the their features have been borrowed from
previous generations of data analysis tools that are already familiar

to end users.
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Client/Server Architecture

Client/server architecture provides a framework within which new
systems can be designed, developed, and implemented.

The client/server environment allows us to look at an OLAP system as if
It consists of several components that define its architecture.

The components of the OLAP can be placed on a single computer system
or distributed among several computers.

The OLAP operational characteristics can be divided into three main
modules:;

GUI (graphical user interface).
Analytical processing logic.

Data-processing logic.

COP 4710: Database Systems (Day 26) Mark Llewellyn ©




OLAP Client/Server Architecture

Analytical Processing Logic
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* Client/Server Architecture
» Easy-to-use GUI
» Dimensional presentation
» Dimensional modeling
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OLAP Server Arrangement

Share OLAP “engine” :
EXCEL plug-in

Analytical Processing Logic

Lotus plug-in
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OLAP Server with Multidimensional Data Store
Arrangement

Share OLAP “engine”

Analytical Processing Logic

Operational
Data

Operational data
utilized when drill-
down, detailed data
are needed

Multiple users
access OLAP

Data engine
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Relational OnLine Analytical Processing (ROLAP)

Relational OnLine Analytical Processing (ROLAP) provides
OLAP functionality by using relational databases and familiar
relational query tools to store and analyze multidimensional data

This approach builds on existing relational technologies and
represents a natural extension for relational database vendors.

ROLAP adds the following extensions to traditional RDBMS
technology:

—  Multidimensional data schema support within the RDBMS.

— Data access language and query performance optimized for
multidimensional data.

—  Support for VLDBs.
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Data
Warehouse

Operational
Data

ROLAP System

ROLAP server

ROLAP Analytical Processing Logic

The ROLAP server interprets end user
requests and builds complex SQL queries
required to access the data warehouse. If an
end user requests a drill-down operation, the
ROLAP server builds the required SQL code
to access the operational database.

An RDBMS is used to manage
both the data warehouse and
the operational data. The
RDBMS executes data requests
and sends back the data sets.

GUI front end runs on client
computer and passes data
analysis to the ROLAP server.
The GUI receives data replies
from the ROLAP server and
formats them according to the
end user’s presentation needs.
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Relational OnLine Analytical Processing (ROLAP)

Relational technology utilizes normalized tables to store data. This
rellance on normalized data, while a benefit to the norma relational
system, is viewed as a stumbling block in OLAP systems.

As you will recall, normalization divides tables into smaller pieces to
produce the normalized tables. Normalization is useful for reducing
redundancies and eliminating certain types of data anomalies.

Unfortunately, for decision support purposes, it is easier to understand
data when they are seen with respect to other data. Normalization tends
to preclude this possibility.

Fortunately, particularly for those businesses which are heavily invested
In relational technology, ROLAP uses a specia design technique to
enable RDBMS technology to support multidimensiona data
representations. Thistechniqueis called the star schema.
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Relational OnLine Analytical Processing (ROLAP)

The star schema is designed to optimize data query operations
rather than data update operations. Naturally, changing the data
design foundation means that the tools used to access such data
will have to change. ENnd users familiar with the traditional
relational query tools will discover that these tools will not work
efficiently with the star schema.

ROLAP, however, saves the day by adding support for the star
schemato use familiar query tools.

ROLAP provides advanced data analysis functions, and improves
guery optimization and data visualization methods.

Another criticism of RDBMs is that SQL is not suited for
performing advanced data analysis. Most of the decision support

data reguests require the use of multiple-pass SQL queries or
multiple nested SQL statements.
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Relational OnLine Analytical Processing (ROLAP)

To answer this criticism, ROLAP extends SQL so that it can
differentiate between access requirements for data warehouse data
(based on the star schema) and operational data (based on
normalized tables). In this fashion, a ROLAP system can properly
generate the SQL code reguired to access the star schema data.

Query performance is also enhanced because the query optimizer
IS modified so that it can identify the SQL-code’s intended query
targets. For example, if the query target is the data warehouse, the
optimizer passes the request to the data warehouse. However, if
the end user performs drill-down gqueries against operational data,
the query optimizer identifies this operation and properly
optimizes the SQL request before passing them through to the
operational DBMS.
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Multidimensional OnLine Analytical Processing (MOLAP)

Multidimensional OnLine Analytical Processing (MOLAP) extends
OLAP functionality to multidimensional database management systems
(MDBMSs).

An MDBMS typically employs proprietary techniques to store data in
matrix-like n-dimensional arrays.

Many of the techniques in MDBMS are derived from CAD/CAM
techniques and GIS (Geographic Information Systems).

Conceptually, MDBMS end users visualize the stored data as a three-
dimensional cube known as a data cube. The location of each data value
In the data cube is a function of the X, y, and z axes in three-dimensional

Space.
The data cubes can grow to n-dimensions, thus becoming hypercubes.

Data cubes are created by extracting data from operational databases or
from the data warehouse. An important characteristic of a data cube is
that it is static. They are not subject to change and must be created before
use. They cannot be created by ad hoc queries.
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MOLAP System

MOLAP server

MDBMS MOLAP Analytical Processing Logic

Data Cube

Data cube is created
within predefined
dimensions.

MOLAP GUI allows end users

to interact with the MOLAP

server and request data from

. Data The MOLAP engine receives analysis.
Operational Warehouse data requests from end users

Data and translates them into data

cube requests that are passed

to the MBDMS.
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Relational vs. Multidimensional OLAP

Schema

Uses star schema. Additional
dimensions added dynamically

Uses data cubes

Additional dimensions require re-
creation of the data cube

Database Size

Medium to large

Small to medium

Architecture

Client/server
Standards based
Open

Client/server
Proprietary

Access

Supports ad hoc requests
Unlimited dimensions

Limited to pre-defined dimensions

Resources

High

Very high

Flexibility

High

Low

Scal ability

High

Low

Speed

Good with small data data sets;
average for medium to large data sets

Faster for small to medium data sets;
average for large data sets.
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Star Schema

The dar schema i1s a data modeling technique used to map
multidimensional decision support data into a relational database. In
effect, the star schema creates the near equivalent of a multidimensional
database schema from the existing relational database.

Star schemas yield an easily implemented model for multidimensional

data analysis, while still preserving the relational structures on which the
operational database is built.

The basic star schema has four components:

facts
dimensions
attributes

attribute hierarchies.
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Star Schema (cont.)

Facts are numeric measurements (values) that represent a
specific business aspect or activity. For example, sales
figures. Facts are normally stored in a fact table that is the
center of the star schema. The fact table contains facts that

are linked through their dimensions.

Dimensions are qualifying characteristics that provide
additional perspectives to a given fact. Dimensional data is
stored in dimension tables. Recall that DSS data are almost
aways viewed in relation to other data. For instance, sales
might be compared by product from region to region, and
from one time period to the next.

— Ineffect, dimensions are the magnifying glass through which the facts
are studied.
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Star Schema (cont.)

Attributes are often used to search, filter, or classify facts. Dimensions
provide descriptive characteristics about the facts through their attributes.
The data warehouse designer must define common business attributes
that will be used by the data analyst to narrow a search, group
Information, or describe dimensions.

—  Example: Consider sales. Some possible attributes for the dimensions of
sales might be: location, product, and time. These attributes add a business
perspective to the sales facts. The data analyst can now group the sales
figures for a given product, in agive region, and at a given time.

The star schema, through its facts and dimensions, can provide the data
when needed and in the required format. It can do this without imposing
the burden of the additional and unnecessary data (such as order number,
purchase order number, status, etc.) that commonly exist in the
operational database.
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Three Dimensional View of Data

Location: possible
attributes - region,
state, city, store,
etc.

Product: possible
attributes — product
type, id, brand,
color, size.

Time: possible
attributes - year,
guarter, month,
week, day, time of
day, etc.

Sales manager’s
view of sales data

Product manager’s
view of sales data
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Slice and Dice Operation
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