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On-line Analytic Processing in Oracl€9i:
A Scalable Web-Based Business Intelligence
Platform

EXECUTIVE SUMMARY

In most organizations the deployment of business intelligence applications is
bifurcated along the lines of technology. Less sophisticated reporting and ad-hoc
query tools are usually deployed using data warehouses and SQL based reporting
tools while more sophisticated analysis and planning applications are deployed
using other specialized databases and tools.

At present, the use of different technologies for these different classes of
applications is reasonable. Relational data warehouses are scalable and support
very large data sets. Separate analytical databases provide necessary analytical
functionality that is not available with relational databases.

This separation between data warehouses and analytical databases is, however,
expensive. The cost of maintaining separate analytical databases involves
additional hardware and database administrators. The process of replicating data
into analytical databases also increases the amount of time it takes to make data
available to analysts and decision makers.

As the size of data sets increase, these problems become more acute. It takes
longer to replicate the data and query performance tends to degrade. These issues
translate into opportunity costs associated with less timely and less effective
analysis.

Although many of the less sophisticated business intelligence applications are now
deployed using the Internet, most of the more capable business intelligence
applications are deployed using client server architectures which offer richer
graphical user interfaces.

The costs associated with client server deployment are well known: it is difficult to
deploy and maintain applications. As a result, organizations tend to deploy
business intelligence applications to relatively few users. In most organizations
fewer than 5 percent of employees have access to business intelligence applications
and they data they make available.

Many more employees could make use of this information if only they had access
to business intelligence applications. This represents a tremendous opportunity
cost because these employees lack the insight afforded by business intelligence
applications and are therefore less effective. The larger and more geographically
distributed the organization is, the larger this problem becomes.

It is possible for a highly motivated organization to overcome these barriers to
insightful analysis. Some products do exist that offer useful analytical capabilities
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using a data warehouse. They tend to offer fewer analytical functions and to
perform poorly as compared to specialized analytical databases, but they are useful.
It is also possible for an organization to absorb the costs associated with separate
analytical databases. In each case, the organization will need to assemble the
solution from a number of different vendors and endure the pains associated with
acting a systems integrator.

With Oracle9i, Oracle eliminates these barriers by providing an analysis ready
Oracle database and Internet based application development tools. These allow
organizations to effectively analyze data in the data warehouse without
requirement massive data replication and to easily deploy business intelligence
applications to large, geographically distributed user communities.

Oracle9i OLAP, part of the Oracle9i database, provides the means to analyze data
in large data warehouses. The Oracle Business Intelligence Beans, Oracle
JDeveloper, and Oracle Internet Application Server provide the ability to build and
deploy sophisticated business intelligence applications on the Internet to large and
distributed user communities.

Because Oracle 9i OLAP, Oracle9i Business Intelligence Beans, Oracle
JDeveloper, and Oracle9i Internet Application Server are part of an integrated
product line your organization avoids the costs associated with playing the role of a
system integrator.

The remainder of this paper discusses this solution, focusing on Oracle9i OLAP
and the Oracle Business Intelligence Beans.

INTRODUCTION

Business intelligence applications are now a driving force within leading
organizations. They provide the ability to gain insight into the organization’s
markets and internal operations and allow organizations to react quickly to a
changing environment and to plan for the future. There are three primary factors
that have acted to drive the adoption of business intelligence applications:

Data warehouses are now widely used to store data sets suitable for analysis.

The Internet offers the promise of allowing large numbers of users access
business intelligence applications.

The use of business intelligence applications has become a competitive
necessity.

Prior to the widespread use of data warehouses, most organizations did not have
an IT infrastructure to capture, cleanse and store large volumes of data that was
well structured for analysis. Data warehouses have made it practical to make
available large volumes of detailed information about the organization’s markets
and internal performance measurements. Users are demanding the means to make
that data useful.
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With the Internet, it is now possible to deploy business intelligence applications to
large, geographically distributed user communities. Organizations need to
distribute information both within the enterprise and externally to suppliers and
customers.

Most organizations deploy relatively unsophisticated static and ad-hoc reporting
tools against the data warehouse. They are easy to build and many can be
deployed over the Internet. These types of applications do not, however, fully
leverage the investment in the data warehouse by allowing truly insightful analysis.
Instead, more advanced analysis and planning applications usually require
specialized analytical databases.

Because specialized analytical databases are costly to deploy, their use is limited.
They are typically used with smaller data sets and made available to only to selected
managers and analysts within an organization; business intelligence applications
requiring specialized analytical databases are rarely available to large numbers of
line managers and non-analysts. Instead they simply go without good analysis and
planning applications and use technologies such as spreadsheets to analyze small
amounts of data.

The opportunity costs are staggering. Consider, for example, the cost of
incorrectly predicting the demand for a new product. It an organization does not
manufacturer enough product sales opportunities are missed. If too much product
is manufactured, capital is tied up in inventory and margins are pressured. What is
the cost of not being able to predict the organization’s profitability in the current
fiscal quarter? If a problem isn’t observed, corrective action can't be taken. If an
opportunity isn’t seen, it can’t be seized.

Another key driver in business intelligence is the fact that the analysis and planning
process includes people outside of the organization. A distributor might allow a
manufacturer to analyze the distributor’s sales order and shipments information
for products that manufacturer supplies in order to allow the manufacturing to
plan production of these products.

The trend toward more sophisticated analytical applications, the need to distribute
these applications broadly both within the organization, and the need for
collaborative analysis and planning accentuates the need for a enterprise platform
that can provide a wide range of analytical services over the Internet.

Oracle9i provides a scalable, Internet based platform for developing and deploying
the complete spectrum of business intelligence applications. The reminder of this
paper will discuss different types of business intelligence applications, the analytical
needs of these applications, how Oracle9i supports these analytical requirements,
and how these applications are easily deployed on the Internet.
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A REVIEW OF THE BUSINESS INTELLIGENCE MARKET

Before discussing Oracle9i, it is useful to review the market for analytic servers.
This section discusses the four types of business intelligence applications and the
current architectures that are used to support these applications.

Types of Business Intelligence Applications

Today’s enterprise organizations require a variety of different business intelligence
applications serving many different user communities. These applications
generally fit into one of four categories:

Reporting applications
Ad-hoc query and reporting
Multidimensional analysis
Planning

Oracle9i supports the requirements of each type of application.

Reporting Applications
Reporting applications tend to provide static or parameterized reports. The
audience tends to be broad, for example all sales managers within an organization.

Reporting applications that have minimal analytical requirements are typically
based on relational databases and use SQL as the query language. Executive
information systems (EIS) tend to have more complex analytical requirements
often use specialized analytical databases.

Although the analytic requirements of reporting applications have tended to be
minimal in the past, it is becoming more common for reporting applications to
provide information that is the result of a complex analytical calculation or
planning process. For example, an organization might wish to use a reporting
application to distribute a final corporate budget. The reporting application cannot
create the budget, but it can distribute the final budget once the budget data is
placed in a database.

Ad-Hoc Query and Reporting

Ad-hoc query and reporting applications offer the user a high level of interaction.
They allow the user to explore the data by using a variety of data selection and
navigation techniques. Ad-hoc query and reporting applications typically are based
on relational databases and offer a limited, but very useful, set of analytic
capabilities. They are often, but not always, based on a multidimensional data
model.

Ad-hoc query and reporting applications running on a relational database use SQL
and typically support ‘unidimensional’ queries such as ‘what are my top 10
customers’ and ‘how does this month’s sales compare with sales a year ago’. This
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Oracle’s Global Sales Reporting and Tracking
System is an analytical application deployed
using a data warehouse. Thousands of Oracle
salespeople, market analysts, and managers
worldwide use this application to analyze license
and service revenues.

Users analyze data along a number of
dimensions such as customers, products, lines
of business, geographic areas, and time. They
can use a variety of data selection techniques
such as rankings, data exceptions, hierarchical
relationships, and time series selections to
navigate the data and explore trends and
opportunities. The ability to create virtual
dimension members and virtual facts allows
analysts to create data needed for insightful
analysis.

Because the global sales reporting and tracking
system data is maintained in an Oracle data
warehouse it offers timely access to data, is
manageable, and offers access to the largest
possible user community using a variety of
reporting tools.

range of analytic functionality is often sufficient for large user communities such as
salespeople.

To date, ad-hoc query are reporting applications are typically the most
sophisticated applications deployed directly against a data warehouse.

Analytical Applications

Analytical applications also support ad-hoc exploration of data, however they
answer much more complex questions. Although the following query might
appear to be rather complex, it is actually a typical question that might be asked by
a marketing analyst:

‘What was the percent change in total sales, as compared with the period a
year ago, for each of the top 10 products, for each of my top 10 customers,
based the percent change in total sales for each customer this year to date
versus the equivalent year to date period a year ago’.

Note that this query is multidimensional. That is, calculations in the query occur
along more than one dimension. Period ago and year to date calculations are made
along the time dimension. Rankings occur along both the customer and product
dimensions. The product ranking is nested within the customer ranking. A
calculated measure is nested within the product and customer rankings.

An examination of a market or financial analyst’s report catalog would typically
reveal reports that include significantly more complex queries. For example, they
might include forecasts and complex nesting such as rankings over virtual page
dimension members which themselves are rankings.

In the past, most ad-hoc analytical applications have used stand alone analytical
databases to support the required complex multidimensional queries.

Planning Applications

Planning applications allow the user to predict outcomes or results. They allow the
user to ask questions such as “how profitable will my company be this quarter”,
“how will a price change influence unit sales and net margin™ and “how many
products should be manufactured to meet demand this month”.

Planning applications are very different from query and reporting applications
because they generate new data using analytical tools such as models, forecasts,
specialized aggregation and allocation methods, and scenario management tools.

Common examples of planning applications include corporate budgeting and
financial analysis, and demand planning systems.

Corporate budgeting and financial analysis systems generally serve three functions:

They allow user to analyze past performance and answer questions such as
‘what product lines are most profitable’ and ‘why have profits increased
while cash flow has not'.
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Oracle uses Oracle Financial Analyzer for global
budgeting and financial analysis. Using
Financial Analyzer, Oracle maintains one
worldwide view of budgets and financial
performance. The budgeting process allows
Oracle management to establish profitability
goals and allocate budgets to line managers.
Line managers make adjustments using a variety
of scenario management, forecasting, and
modeling tools and submit completed budgets to
a centralized database. These budgets are then
consolidated and compared with profitability
goals. The process can iterate frequently until a
finished budget is produced.

Throughout the fiscal year, Oracle analyzes
actual expenses and revenues to identify budget
variances. Throughout each fiscal quarter,
Oracle forecasts profitability and earnings per
share. Oracle can predict whether earnings per
share will be below, on, or exceed the targeted
earnings per share. If earns per share are below
target expenses can be cut or deferred or
incentives can be offered to improve revenue. If
earnings per share exceed targets, Oracle sales
managers can be informed that certain revenue
can be deferred to the next fiscal quarter. This
ability to predict earnings and take corrective
actions to meet expectations is extremely critical
in today’s capital markets.

Oracle Financial Analyzer is based on Oracle
Express Server, the predecessor to Oracle9i
OLAP. A new version based on Oracle9i will be

available next year.

Budgeting systems allow organizations to build revenue and spending plans
and manage towards profit goals. A typical system captures revenue data
from sales force automation applications and spending data from general
ledger applications. Spending can then be forecasted and profitability can be
predicted based on the revenue estimates.

These estimates are typically aggregated for review by senior management.
Sales quotas and profitability targets are then provided by senior
management and allocated to line managers. This cycle might be repeated
several times until a budget that meets revenue and profitability goals is
reached. This function of a corporate budgeting system allows managers to
answer the question ‘what level of spending and investment is appropriate
given certain revenue expectations and profitability goals’.

They allow financial analysts to model the effects of change on the financial
plan. For example, a financial analyst can model the effects of currency
value fluctuations on revenues, costs, and profitability and prepare
alternative budgets and investment plans.

Demand planning systems allow market analysts and product managers predict
market demand based on sales history, sales pipelines, demographic factors,
promotional plans, and other factors such as pricing models. They can model
different scenarios that forecast product demand based on this type of analysis.
These results can then be fed into the manufacturing processes.

Additional Trends in Business Intelligence
There are two additional trends in business intelligence applications:

The expanded role of collaboration in analysis and planning.
The convergence of operational and business intelligence applications.

These trends are discussed in the following topics.

Collaborative Analysis and Planning

In addition to the calculation capabilities of business intelligence applications, the
ability to support large, geographically distributed user communities in a
collaborative environment is key to the success of the application.

In order to support a collaborative environment for business intelligence
applications, the application must:

Provide access to a centralized data store
Support sharing of user defined analytical objects
Provide a convenient means for consolidating data

Deploy applications in the Internet
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In Oracle9i a centralized metadata and data store provides all members of the
analysis and planning process with a common, up to date view of the data. All
users have access to the same data model and the same data. Consider, for
example, the confusion that can result if salespeople in different regions of the
world analyze data using different dimensions and hierarchies or if ‘unit sales
growth’ has one definition in Europe and a different definition in the North
America. Or consider a budget process where managers did not have up to date
revenue projections or budget allocations.

Users are most productive when they can share analytical objects such as reports,
charts, and data selections. Think about the difference between sharing a printed
copy of a report versus a live report. A live report allows the user to continue the
analysis process while a printed copy conveys a limited set of information.
Enterprise business intelligence applications that support centralized object
repositories allow collaboration.

Users of planning applications must be able to quickly submit newly entered or
generated data to a centralized repositories for consolidation, analysis, revision,
review and approval. For example, line managers need to be able to submit
budgets to a centralized data repository for review by their managers and budget
analysts. This process needs to be efficient enough to allow the enterprise to make
many iterations of the plan within a short period of time.

The Oracle9i Business Intelligence Beans allow applications to save user defined
objects in a centralized catalog. Objects in this catalog can be shared among users
and applications to provide support for collaborative analysis.

The requirement for collaborative analysis highlights significant shortcomings of
applications that are reliant on desktop data stores such as spreadsheets. Desktop
data stores lack instantaneous access to data produced by other users, do not
support sharing of analytical objects, and require cumbersome consolidation
processes.

Convergence of Operational and Business Intelligence Applications

Analytic and planning functions are typically provided in applications that are
separate and apart from operational applications. For example, accounting systems
provide basic reporting facilities but do not offer analysis tools. Users who need to
analyze data use a different application specific to that purpose. Different
applications are required because the technology supporting those applications are
significantly different - accounting systems are not based on specialized analytical
databases; analytical applications are not typically based on relational databases.

With Oracle9i it becomes possible for one database platform to provide support
for both operational and business intelligence applications. This will cause a
convergence of operation and business intelligence applications. For example, one
application can support accounting, budgeting, and financial analysis. This one
application will be more functional and less costly to maintain.
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Traditional Analytic Servers

In the past, developers of analytic applications had to make a fundamental
decision: should an application be based on a relational database accessing data in
a data warehouse or should an application utilize a specialized analytical database?
The tradeoff’s are not insignificant.

The relational database offered the most cost effective method of managing the
data and the most open access to the widest variety of applications. Data could be
managed in a centralized location. Replication to other specialized databases was
not required. Since all data was stored in a data warehouse and could be queried
using SQL, any SQL based application could access the data. Unfortunately, the
analytical capabilities of SQL were very limited and performance tended to lag that
of multidimensional databases.

Specialized analytical databases offered a complete set of analytical functions and
tended to provide better query performance, but maintaining a analytical database
represented a significant expense. An analytical database required data replication
and a separate management infrastructure. Data replication a costly process and
can cause a significant delay in the availability of data. The separate management
process is also costly since it requires separate data modeling, ETL processes,
security procedures and disaster recovery plans.

To make matters more complicated, RDBMS based data warehouses tend to scale
very well in terms of data set sizes, while analytical databases tend to support only
limited data set sizes. So not only did a developer of analytic applications need
consider the types of calculations that are required and the required performance
characteristics, but also the size of the data set.

As a result, developers tended to write applications that had only limited analytical
requirements using SQL and applications that had more demanding analytical
requirements using analytical databases. Organizations would need absorb the cost
of managing a separate database system and replicated data.

Relational OLAP (ROLAP) technologies provided support for some analytic
calculations using SQL, however these met only limited success due to limitations
in analytical power and performance.

The following illustration represents a typical database infrastructure used to
support a variety of analytical applications.
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In this typical environment, data is accessed from source systems (for example, a
general ledger or sales order system), processed through a data integration engine,
and loaded into a data warehouse in a relational database. Reporting and ad-hoc
query and reporting applications could query the data warehouse directly and
offered the most timely access to data.

Users of analytic applications built using an analytic database would need to wait
until data was replicated in the analytic database. This created situations where
data in the multidimensional database was stale and users needed to wait -
sometimes hours or even days - for data to be replicated in the other database.

From the DBA perspective, there are:

Three technologies to be learned (the data integration tool, the relational
database, and the analytic database)

Three metadata repositories to be managed
Three management processes
Two data stores (the warehouse and the multidimensional database)

Managing these three processes was very costly, both in terms of managing the
system and the opportunity costs associated with less effective analysis due to the
inability to immediately access fresh data.

Although separate analytic databases were costly, they were still often the best
solution for analytical applications because they provided significant value to the
organization in the form of added analytical capabilities and excellent query
performance. Most organizations could justify the added costs since analytical
capabilities and performance characteristics offered by analytic databases were
more important than the added costs.

ORACLESi - THE PLATFORM FOR ANALYITICAL APPLICATIONS

Oracle9i challenges the traditional view of the analytic server market by offering
revolutionary function and performance in a more flexible, cost effective and
manageable platform. Oracle9i offers:
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A complete range of analytic functionality that supports the complete
spectrum of reporting, analytical, and planning applications

Performance previously unavailable to data warehouse based analytic
applications

A flexible and manageable data platform that eliminates the need for
wholesale data replication

A more cost effective platform for analytic applications

A platform for Internet based applications

Oracle9i - A Single Database Platform

Oracle9i eliminates the trade off between manageability versus performance and
analytic power. Oracle9i simplifies the process and reduces the cost of maintaining
data while retaining the ability to support complex analytical queries and provide
excellent performance. Oracle9i accomplishes this by both extending the analytical
capability of SQL and by offering Oracle9i OLAP with the relational database.

e .y
Oraciedl

Data Wareh

Oracle9i extends and integrates ETL, OLAP, and data mining functionality into
the Oracle database. The result is a platform that is easier to manage and more
cost effective, supports the full range of analytical applications, and provides timely
access to updated information.

In Oracle9i, there is
A complete set of analytical functions

One database and management tool set for ETL, data warehouse and
analysis

Centralized metadata
A single permanent data store

Built in support for the Internet
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Oracle9i provides a full range of analytical functions to support all types of analytic
applications. These functions range from SQL OLAP functions to highly
specialized predictive analysis functions. Oracle9i offers traditional SQL based
tools and applications new analytical opportunities with SQL OLAP functions and
provides multidimensional analytical applications with a data warehouse based
OLAP server to support analytical and planning applications.

Since both SQL based and OLAP based applications can access the data
warehouse they all share a single data repository and a common management
infrastructure. This provides the most cost effective solution since the data is
accessible to the most decision makers and the costs of managing the warehouse
are minimized.

ORACLE9I OLAP

Oracle9i OLAP offers a complete platform for analytical applications ranging from
standard reporting applications through planning applications. It is highly
integrated with the Oracle relational database to minimize the need for data
replication and to provide the extremely fast query response times normally
associated with analytical databases. It is designed from the ground up for the
Internet. It is easy to manage and is cost effective.

The Oracle9i product line provides a full software stack for developing and
deploying enterprise-scale business intelligence applications. Each component of
the product line is optimized to meet the demands of analytic applications. The
major components include:

Oracle Business Intelligence Beans and Oracle JDeveloper
Oracle9i OLAP as a facility within Oracle9i
Oracle9i RDBMS, the foundation of the platform

Oracle JDeveloper

Oracle Bl Beans

Oracle9i OLAP Services

Oracle9i

Business Intelligence Beans are Java Beans specifically designed to support the
development of business intelligence applications. The Business Intelligence
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Beans are highly integrated with Oracle JDeveloper9i and offering extremely
productive development.

Oracle9i OLAP provides centralized analytic processing in a scalable and secure
environment. Oracle9i’s Java OLAP API provides the means of expressing
complex multidimensional queries and a productive and powerful API for
application development. Oracle9i OLAP also provides predictive analytical
functions such as modeling, forecasts, and scenario management using a
multidimensional data type known as an analytic workspace.

The Oracle9i relational database acts as the permanent data store, is the repository
for all Oracle9i OLAP and Business Intelligence Beans metadata, provides
summary management services, and provides SQL OLAP functions.

Adding Value to the Data Warehouse

Many organizations do not use analytical and planning applications that require
analytic databases due to the costs associated with managing a separate data store.
Instead, they access the data warehouse using batch reporting systems and ad-hoc
reporting applications. Although manageable, the limited analytic capabilities
prevent the organization from fully leveraging the data warehouse. They are
incurring the opportunity cost of not fully understanding their customers, the
marketplace, and the performance of their organization.

Since Oracle9i OLAP supports sophisticated analysis within the context of a data
warehouse, organizations enjoy many benefits, including:

Support for queries demanding complex multidimensional calculations
Excellent query response times

Support for planning applications, which require analytic features such as
forecasting, models, consolidations (or aggregations), and support for
scenario management

Support for large numbers of geographically distributed users

Supporting Enterprise Analytical Applications

Specialized analytic databases do an excellent job providing support for complex
analytical queries and query performance, however they do not typically meet all of
the requirements needed for enterprise applications. All applications - whether
they focus on analysis or not - share some common requirements:

Scalability
Open access
Security

Manageability
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High Availability

Scalability

Oracle9i OLAP stands out for its scalability. In today’s competitive environment,
there is tremendous growth along three dimensions of analytic applications:
number of users, size of data, complexity of analysis. There are more users of
analytical applications and they need access to more data to perform more
sophisticated analysis.

A telephone company, for example, might require a customer dimension to include
detail such as all telephone numbers as part of an application that is used to
analyze customer turnover (churn). This would require support for multi-million
row dimension tables and very large volumes of fact data.

Since Oracle9i OLAP can access data directly from the Oracle database, Oracle’s
architecture and scalability features translate directly into scalability for Oracle9i
OLAP. Oracle9i supports multi-terabyte data sets using a proven architecture that
includes parallel execution and partitioning, as well as support for NUMA and
clustered systems.

Features such as Oracle’s Data Resource Manager help DBAs support large
numbers of concurrent users. Data Resource Manager provides a mechanism for
allocating the resources of a data warehouse among different sets of end-users.

Consider an environment where the marketing department, the sales department
and some executives share access to a data warehouse. Using the Database
Resource Manager, a warehouse administrator could specify that:

The marketing department receives at least 70 percent of the CPU resources
of the machine and that only 50 concurrent queries are allowed (others are
queued)

The sales department receives 40 percent of the CPU resources and that only
25 concurrent queries are allowed (others are queued)

Executives receive 80 percent of CPU and any number of concurrent queries
are allowed

Queries that are estimated to take longer than 10 minutes are put into a
lower priority queue

Proactive query governance and automatic query prioritization features allow the
DBA to create a user management scenario where executives have the highest
priority and sales the lowest priority, but no one user or group could completely
dominate the system with very long running queries.

Open Access

Oracle9i provides open access through the Internet, open APlIs, and SQL.
Because Oracle9i OLAP is designed for the Internet, applications anywhere on the
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Internet can access Oracle9i (security policies allowing). Oracle9i’s Java OLAP
API is published and available to any application developer. Data stored in the
data warehouse is accessible by both SQL and Java OLAP API clients, thereby
leveraging the investment in the warehouse over the largest possible user
community.

Security

The expanded number of users and web-based access of enterprise level business
intelligence applications calls for the strongest possible security. Just as Oracle
developed robust features for scalability, manageability and backup and recovery,
Oracle has created industry-leading security features. The security features in
Oracle have also reached the highest levels of U.S. government certification for
database trustworthiness.

There are two aspect of security that are of interest to analytic applications:
authentication and authorization.

Authentication

All users of applications based on Oracle9i OLAP are authenticated using either
Oracle database authentication or LDAP. When database authentication is used,
the user is authenticated against the user catalog in the Oracle data dictionary.

Oracle9i makes extensive use of LDAP functionality in its security features. For
instance, Oracle enables centralized user and privilege management in LDAP-
based directories such as Oracle Internet Directory. Support for standards-based
public key infrastructure enables existing PKI credentials to be shared by an Oracle
Wallet. Wallets can be downloaded from LDAP directories to support mobile or
"hot-desked" users. Oracle Internet Directory also supports an IETF LDAP
standard for handling both generally used and customized password encryption
schemes.

Authorization

It is typical for users of business intelligence applications to be allowed access to
only a subset of data within the data warehouse. Users might be limited in the
types of data they are allowed to see (for example, certain facts) or they might be
limited the actual data they can access (for example, certain dimension members).

A common scenario might be one in which a data warehouse contains both sales
and financial data. Salespeople usually do not have access to financial measures and
often do not have access to all products or all geographical areas related to the
sales measures. As a result, the DBA needs the means to limit what elements of
the multidimensional model are exposed to the salespeople and what dimensions
members they can see.

Access to elements of the multidimensional model are controlled through access
privileges to the OLAP catalog. The OLAP catalog describes the multidimensional
model (for example, dimensions, levels, attributes, and measures). Because
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elements of the model belong to a schema in the Oracle database, DBAS can
control access to the model by granting privileges in the relational database to
objects referenced by the model. For example, the provide access to a dimension,
the user must be granted SELECT privileges to the dimension table.

Oracle’s Virtual Private Database feature enables cell-level security for OLAP
users. This provides the means to control what dimension members and fact data
a user can see. The Virtual Private Database is a server-enforced, fine-grained
access control.

Since security policies are defined once, in the database, the cost and burden of
enforcing security policies is removed from individual applications. By enforcing
both authentication and authorization in the database, no matter how the user
accesses the data, security remains in force regardless of whether the access
method is a SQL based tool or through an Oracle9i OLAP application.

Virtual Private Database enables a single database to logically separate data sets
with the security that formerly required multiple physical databases.

Manageability
Oracle Enterprise Manager (OEM) provides a centralized, comprehensive

management tool. OEM enables administrators to monitor all aspects of the
database, including Oracle9i OLAP.

Oracle Enterprise Manager provides management services to Oracle9i OLAP
including:

Instance management

Session management

Configuration management

Data modeling

Performance monitoring

Job scheduling

Although Oracle9i OLAP is most often deployed on the same server as the
relational database, it is a separate process that can be deployed on a different
server as a middle tier. Since an Oracle9i OLAP instance is a separate process,
Oracle9i OLAP Instance Manager is provided to start and stop instances and to
manage configuration settings. Instance manager also allow the DBA to manage
connections to Oracle9i OLAP through its’ session manager feature.

The multidimensional model used by Oracle9i OLAP is managed using Oracle
Enterprise Manager’'s OLAP tool. The OLAP tools defines the elements of the
multidimensional model (for example, cubes, facts, dimensions, hierarchies, levels,
and attributes) and maps them to the data sources in the data warehouse
(dimension and fact tables).
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In the following illustration we see the OLAP tool outline on the left side panel
(note cubes and dimensions) and detail of a product dimension on the right side
panel (note levels and hierarchies).

nager Domsole

Elly  Mewigator Qbject Toda Confiaselon Helk

EHEE Nk A e .

1 e ‘

g ": I Name:  [PROCUCTE D

8 BENCHIS_BLIGHT
g—ﬁhmsnuﬂaunm - E¥E 83 BY20B) Behama: |1

Ciglug:  fumlid

safiRepieaton e

Lo
- C F
j:e:eu-e e & # CATEGORY
. #;u,;j G # FROOUCT
[ COET_CUBE & * FROD_TOTAL
Sﬂ.E; CLIBE & + BUBCATEGORY
: B A MAOEMD 2 E-Hararchies
-
o i A& PROD_RLLLP
i = Imensores
SR
E o CHANRELE_CAN

SF CUSTOMERS_DIW

=t

& FROMOTIZHE_TAN

ST TIMES DM e
i

Performance monitoring facilities are provided by Oracle Enterprise Manager’s
performance monitoring tools. Job scheduling facilities are provided by Oracle
Enterprise Manager’s job scheduler.

Availability
The demands made on enterprise-level OLAP systems include higher availability
requirements. Oracle9i includes many features that support high availability. One
of the most significant is Oracle partitioning.

Partitioning allows management of precise subsets of tables and indexes, so that
management operations affect only small pieces of these data structures. Since
smaller portions of the database are off line at any one time, overall availability can
be greatly increased. For instance, when data is added to a large table, the new
rows can be placed in their own partition and the existing data remains available
throughout the data load.

The indexes associated with the table could be managed similarly: indexes for the
new data could be placed in their own partition. If existing indexes are unaffected
by the new data, only the new data will need indexing and the existing indexes will
always be available.
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Backup and Recovery

As the importance of analytic applications grows, so does the need for bulletproof
backup and recovery processing. Likewise, the acceptable recovery time for
analytic applications shrink as more and more users depend on these systems.
Oracle's heritage in enterprise applications means that it has long included a strong
set of backup and recovery features. Oracle8 introduced an intelligent, server-
managed infrastructure for backup, restore, and recovery tasks that enables
simpler, safer operations at terabyte scale. Highlights of this technology include:

Storage of details related to backup, restore, and recovery operations are
automatically maintained by the server in a recovery catalog and
automatically used as part of these operations. This reduces administrative
burden and minimizes the possibility of human errors.

Backup and recovery operations are fully integrated with partitioning.
Individual partitions, when placed in their own tablespaces, can be backed
up and restored independently of the other partitions of a table.

Oracle includes support for incremental backup and recovery, enabling
operations to be completed efficiently within times proportional to the
amount of changes, rather than the overall size of the database.

The backup/recovery technology is highly scalable and provides high
performance interfaces to industry-leading media management subsystems.
This provides for efficient operations that can scale up to handle very large
volumes of data.

Oracle includes many other features ensuring high speed recovery. For instance,
Oracel9i provides a two-pass recovery algorithm that ensures only the blocks
which need to be processed are read from and written to data files. It also includes
a new "mean time to recover” parameter which lets administrators more easily set
an upper limit on crash recovery time. For preventing and handling disk
corruption, Oracle9i adds features such as block media recovery, enabling only all
but the corrupt portions of a table to stay online.

Overview of Oracle9i OLAP Architecture

Oracle9i OLAP is an integrated part of Oracle9i, yet provides the flexibility to
work with both relational and multidimensional data sources. This provides
Oracle9i OLAP with the ability to provide sophisticated multidimensional analysis
of data within an Oracle data warehouse and to support specialized planning
functions that are required by planning applications.

Software Components

The major components of Oracle9i OLAP are illustrated below.
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The Java OLAP API provides the OLAP interface to Oracle9i. It processes the
API calls, passes queries on to the query processor, and maintains
multidimensional cursors.

The query processor determines the query execution plan. Depending on the data
source - the relational database or an analytic workspace - the query processor
chooses to use the SQL generator or the multidimensional engine to access data
and perform calculations.

The metadata provider reads the metadata repository and represents the
multidimensional data model and data sources to the Java OLAP API. There are
two metadata providers in Oracle9i OLAP. One metadata provider is for the
OLAP catalog and the other is for the analytic workspace.

The SQL generator generates SQL that is used to access data and resolve analytic
queries in the relational database. The Oracle9i OLAP SQL generator is tuned
specifically to the Oracle9i database. It uses a number of new features in Oracle9i
to perform calculations and achieve superior performance.

The multidimensional engine manages data within analytic workspaces, a special
data type that is used to solve certain predictive analytic calculations. The
multidimensional engine supports the OLAP DML, a multidimensional data
manipulation language that supports custom multidimensional functions and
predictive functions.

Data Sources

Oracle9i OLAP supports two data sources: the Oracle9i relational database and
Oracle9i OLAP analytic workspaces.

Oracle Relational Database

The Oracle9i relational database is the primary data source and generally acts as the
permanent repository for all data within Oracle9i. Oracle9i OLAP accesses data in
Oracle9i that is in a data warehouse environment, specifically a star schema.
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Unlike other analytical servers based on hybrid (relational and multidimensional)
databases, Oracle9i can resolve complex multidimensional queries directly in the
relational database without requiring that data be cached in the multidimensional
data store. As a result, it is perfectly suited for analytic applications requiring
support for complex multidimensional calculations.

Analytic Workspaces

Analytic workspaces are multidimensional data files. They do not use Oracle data
files as storage, instead they are separate files on the operating system. Analytic
workspaces serve three specific functions:

They provide Oracle Express Server customers a migration path (Oracle
Express Server’s multidimensional data files can be attached to an Oracle9i
OLAP session as an analytic workspace)

They support planning applications by supporting predictive analytic
functions such as forecasting, modeling, and scenario management (what-if)

The allow application developers to extend the Java OLAP API by defining
custom multidimensional analytic functions using the OLAP DML

The OLAP DML is a stored procedure language specifically designed to support
the definition of multidimensional calculations. (Although the languages are
actually very different, you could think of the OLAP DML as being the
multidimensional equivalent to PL/SQL.)

To use an analytic workspace, you cache data from the relational database into it
using functions provided by Oracle9i OLAP. You can then manipulate data using
the OLAP DML and expose data to applications through the Java OLAP API.
The results of calculations made in the analytic workspace can also be committed
back to the data warehouse for permanent storage.

Choosing a Data Source

Most applications will use the Oracle9i relational database as OLAP Service’s data
source since it offers many advantages, including:

The Oracle database is a highly scalable data store capable of supporting
multi terabyte data warehouses with excellent query performance

It provides an open data store since both SQL and Oracle9i OLAP based
applications have full access to data in the Oracle database

An integrated security model

Simplified management since all administration occurs within the context of
the Oracle relational database

Planning applications that require predictive functions such as forecasting,
modeling and scenario management will use analytic workspaces as temporary data
source for work in progress. For example an application that requires solving a
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complex financial model can use the analytic workspace to solve the model, but
the results of the calculation can be committed to the data warehouse for
permanent storage.

Data Model and Metadata

Oracle9i OLAP using a multidimensional data model. The multidimensional
model contains the following elements:

Measures
Cubes
Dimensions
Levels
Hierarchies
Attributes

This multidimensional model is familiar to end users because it describes data in
business terms. For example, end users ask questions such as how many units of a
product did we sell in a particular geographic area during a specific time period. In
this example, we have a measure (Units) and three dimensions (Product,
Geography, and Time).

A measure represents factual data. Dollar Sales and Unit Sales are examples of
measures. A measure corresponds to a fact column in a fact table, although it has
a much richer set of metadata that describes it.

A cube describes a group of measures that shares common dimensionality and the
relationship between fact tables and dimensions. For example a Sales cube might
have several facts including Dollar Sales and Unit Sales that are dimensioned by
Product, Geography, and Time. An Oracle9i Cube is a metadata object, it does
not actually contain any data. A Cube’s data is stored in a fact table and a
materialized view.

Dimensions provide logical indexes into the data. Examples include Product,
Geography, Time, and Distribution Channel. Dimensions are made of up levels,
representing levels of summarization (for example Month, Quarter, and Year) that
are organized into one or more hierarchies. Dimensions can also contain attributes,
which are non-hierarchical properties (for example, color or size).

Metadata describing the multidimensional model used by Oracle9i OLAP is saved
in Oracle9i’'s OLAP catalog. The OLAP catalog is closely linked to the Oracle data
dictionary and provides Oracle9i OLAP with a high performance method of
accessing multidimensional metadata. The OLAP catalog, containing both the
multidimensional model and mapping to physical data sources, completes the
definition of the star schema.
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OLAP API

As an object-oriented, platform-independent, network-based and secure language
Java is fast superseding C++ and Visual Basic as the language of choice business
intelligence applications. Oracle9i’s Java OLAP API is designed from the ground
up for Java and the Internet. Using Java, application developer can write
applications, applets, and servlets that provide the means for deploying
applications over the Internet to large, distributed user communities on a variety of
devices.

Oracle9i’s OLAP API is a modern, Java object-oriented API which provides
encapsulation, abstraction and inheritance. The Java OLAP API supports a more
productive development environment as compared to string based query languages
such as SQL and competing multidimensional APIs.

The Java OLAP API insulates the business intelligence application from both the
physical data store and the access methods required to obtain data from the data
source. The application does not need to be aware of the data source - relational
tables or analytic workspaces - or how to access the data.

This insulation allows the DBA complete freedom to manage physical storage in
the relational database without disturbing Oracle9i OLAP applications. For
example, the DBA is free to tune the database by changing the warehouse schema
without being concerned for whether this will affect the applications ability to run.

The Java OLAP API also insulates the Oracle9i OLAP application developer from
SQL. This has two important benefits:

The SQL necessary to resolve multidimensional queries can be extremely
complex. Even the most experienced SQL literate application developer
would find it difficult to generate SQL for these types of queries. Generating
SQL that performs well is even more challenging. Application developers
are more productive writing to the Java OLAP API which is designed for the
ground up for OLAP. They can leave the task of generating optimal SQL up
to Oracle9i OLAP.

The Oracle9i OLAP application developer writing to the Java OLAP API
does not need to be concerned with updates to SQL in later releases of the
Oracle database. As new analytical and performance features are introduced
into the Oracle database, Oracle9i OLAP SQL generator will be updated and
applications written to the Java OLAP API will enjoy the benefits without
re-coding.

Achieving Both Scalability and Performance

Key to Oracle9i OLAP success is its ability to provide rapid response times for
complex multidimensional queries with very large data sets and to manage
summary data efficiently.
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Query Performance

Oracle9i eliminates the tradeoff between analytical complexity and support for
large databases. In general, users can expect the following runtime query
performance characteristics:

When queries are very simple and data sets are small (for example, less than
100 GB) both multidimensional databases and Oracle9i OLAP will deliver
sub second response times. Multidimensional databases will, however, often
have some advantage in this scenario but this doesn’t matter because the end
user will be satisfied with performance of both.

When queries begin to show some complexity and data sets are mid sized
(for example, 100- 250 GB), performance of multidimensional databases and
Oracle9i OLAP will tend to be similar.

As queries become more complex and the data set grows larger (for example,
250 GB to 1 TB) Oracle9i OLAP query performance will be superior to that
of multidimensional databases. In this case the difference is very noticeable
to the end user.

When data sets are very large (larger than 1 TB) and queries are complex,
performance of competing products will degrade while Oracle9i OLAP
continues to perform well.

[l OLAP Services

[@ Competing technologies

Response Time

o N

Simple, Moderate, Complex, Complex,
Small Midsized Large Very Large

Query Complexity and Database Size

Multidimensional databases tend to have extremely simple execution plans. At a
result, they have a modest performance advantage when queries are relatively
simple and data sets are small. Oracle9i OLAP and the Oracle database spend
more time constructing an optimum execution plan, which pays off as the query
becomes more complex and the data set grows larger.

Oracle9i provides the foundation for Oracle9i OLAP and the ability to achieve
excellent query response times. Some important parts of this foundation - star join
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transformations, bitmap indexes, parallel query, function indexes and some SQL
OLAP functions - first became available in Oracle8. Oracle9i introduces many
additional performance features that are used by Oracle9i OLAP including bitmap
join indexes, grouping sets, WITH clause, additional SQL OLAP functions,
automatic memory tuning, and enhanced cursor sharing. A brief overview of these
features follows.

Bitmap Join Indexes

Bitmap join indexes pre-joins several tables and stores the result in a single bitmap
index. Bitmap join indexes improve query performance by eliminating the need to
calculate joins of dimension tables to fact tables at runtime.

Grouping Sets

Grouping Sets allow Oracle to select data from multiple levels of summarization in
a single select statement. Previously, a separate Select statement (with a single
Group By) was required for data at each separate level of summarization.

Multiple select statements are inefficient because each select statement requires a
execution plan and each might require expensive operations such as table scans
and sorts. In Oracle9i, there only one execution plan needs to be developed. If
the table needs to be scanned or sorted, it only needs to be scanned or sorted
once.

WITH Clause

The WITH clause provides Oracle with the ability to create temporary results for
the duration of the query and use these results as part of a computation. This
eliminates the need for Oracle9i OLAP to use temporary tables.

SQL OLAP Functions

SQL OLAP functions such as Moving Average, Cumulative Sum, and Lead/Lag
were first introduced in Oracle8. In Oracle9i a new set of functions are provided
that are used by Oracle9i OLAP to efficient resolve analytical queries. These new
functions include inverse percentile functions, hypothetical rank and distribution
functions, and first and last aggregate functions.

Automatic Memory Management

Automatic memory management features provide the correct amounts of memory
during memory intensive tasks such as hash joins, sorting, and bitmap operations.
Oracle provides enough memory to allow the operation to be completed
efficiently. It also prevents over allocating memory, which increases overall
performance of the database by allowing other users and operations the memory
they need.

Enhanced Cursor Sharing

Enhanced cursor sharing eliminates the need to recompile queries when another
similar query has already been run. This saves CPU and time.
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Summary Management

Oracle9i uses materialized views to manage summary data within the data warehouse.
Materialized views are scalable and easy to maintain.

As compared to summary tables, materialized views offer several advantages:
They are transparent to applications using the warehouse
They manage staleness of data

Materialized views can automatically update themselves when source data
has changed

Like Oracle tables, they are also highly scalable.

Unlike summary data stored in proprietary multidimensional cubes, data in
materialized views are equally accessible to all applications using the Oracle data
warehouse.

Transparency

Base level data is the data at the lowest levels of a cube. For example, if a Time
dimension contains Months, Quarters and Years, Month is the base level for Time.
If Geography dimension contains Store, City, and Region, Store is the base level
for Geography.

All other levels are summary levels. That is, they represent a summarization of
level data. Quarters and Years are summary levels for Time; City and Region are
Summary levels for Geography.

In Oracle9i, base level data is stored in a fact table and summary level data can
calculated and stored in materialized views. The Cube in the OLAP catalog maps
the base level in a dimension object to the fact table. Oracle9i OLAP is does not
need to be aware of materialized views since the Oracle database automatically
rewrites queries written to the base fact table to access data in materials views.

When Oracle9i OLAP requires summary level data it issues a Select statement that
asks for an aggregation of base level data. Oracle automatically recognizes that the
summary level data has already been calculated and stored in a materialized view
and satisfies the Oracle9i OLAP query with data from the materialized view.
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Materialized views allow the DBA flexibility in maintaining summary data. Since
applications do not need to be aware of materialized views the DBA is free to
create, change and remove them without effecting the ability of the application to
access data.

Managing Staleness

Summary data is said to be ‘stale’ when lower level data has been updated but the
summary data has not yet been recalculated. Materialized views understand when
data has changed in the source fact table and can automatically alter the behavior
of query rewrite as per policies set by the DBA.

Staleness policies set by the DBA control whether query rewrite is allowed to use
the materialized view when data has changed in the source fact table. Consider
two cases:

A warehouse containing sales data is updated to reflect a small correction to
the number of units of a product sold to a specific customer. In this case,
that small update it not likely to materially affect the accuracy of marketing
analysis conducted against that that data. In this case, the DBA would
probably choose to allow the materialized view to be used for query rewrite
even though it contained some stale data. As a result, the users can continue
to enjoy the performance benefits of the materialized view.

A warehouse used for financial reporting is updated to reflect new revenue
and expense data. In this case, the changes to the data might have a
significant affect on the financial results reported by the organizations The
DBA would probably choose not to allow the materialized view to be used
for query rewrite while the materialized view contained stale data. Instead,
the query would be satisfied with data in the fact table. Although the query
would run more slowly, the user in guaranteed of seeing the results based on
the updated data in the fact table.

DBAs only need to set staleness policies once. Oracle can automatically disable
query rewrite to a particular materialized view when data becomes stale and
automatically enable query rewrite after the materialized view is refreshed.
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Building and Updating Materialized Views

Materialized views can be built using SQL commands and by using OLAP tools in
Oracle Enterprise Manager. When using Oracle9i OLAP, Oracle Enterprise
Manager’s OLAP tool is the preferred method. The OLAP tool will automatically
create a materialized view that is perfectly tuned to provide the best query
performance with Oracle9i OLAP. Materialized views created by Oracle
Enterprise Manager's OLAP tool are also perfectly well suited for use by other
applications.

In the following illustration, we see materialized views that are created for the Sales
cube in Oracle Enterprise Manager.

s Deacke Entermwiss Manager Console Standalane | = AC1] ]

Eil Mawigabor Objact Tooa Confaredon Hek %gﬁ%hﬁ

Gienemi

TS I MOHTH_BALEE: W

Schema L

Tablgspaca: (L=

WFEnanle the materis e vigs 0 cuso) el (Used 0 DaE Yarehousing only
[ reshe e A ie A e W ER I A e e i A bR e e f DR T AT

3 @ F W[

S Dimanzoes

o] SHCHARMELS DM
= BHGUSTONERE_DIW Shiug

] BHPRODUCTE DB | Last Arshee Date: [09.4PR-7001 0005 FK
od BH FROWOTIONE_Dikl :
~JEHTIMES_DIW

= Gttt S ativn Tali

Reieh Cile:  [FREEH

o Weasues Complle Sk [WaLID
A sALES_amcimT
B GALES_CuUWTITY Tl =ren 2l e Wime DU ]
0 Waeriimed Waws JEIECT  c.oalendar monch deso
|::1. ¥ U (8- Amountc_sold) &% dollara
FRAE a1
", 3H.PWEEK_PSIAT_SALES WY KEEi

: timen &
WEEFE  s.rdwe 30 = u.odoe 34
GRAUT BT facolendac aonth desc

Since materialized views are a special form of an Oracle table, all of Oracle
performance and scalability features are applicable to them. For example,
materialized views can be partitioned, partitions can be updated in parallel, and
grouping sets can be used for aggregations.

Materialized views can be updated by several different methods. They can
automatically update themselves when data changes in a source table, they can
update themselves on a scheduled basis and they can be updated explicitly as the
result of a SQL command. Like when materialized views are first created,
partitioning and parallelism are used during the update process.

DEVELOPING AND DEPLOYING APPLICATIONS

Oracle9i, Oracle9iAS, and Oracle9iDS provide a complete platform for the
development and deployment of business intelligence applications.
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Oracle9i serves as the database platform providing data storage, metadata,
summary management and Oracle9i OLAP (including the Java OLAP API).

Oracle9i Development Suite (Oracle9iDS) provides application development tools
including Oracle JDeveloper and the Business Intelligence Beans.

Oracle9i Application Server (Oracle9iAS) provides the runtime infrastructure used
to deploy applications built using the Oracle Business Intelligence Beans.
Oracle9iAS also includes other tools useful in the deployment of business
intelligence applications such as Oracle Discoverer, Oracle Reports, and Oracle
Portal.

Together Oracle9i, Oracle9iDS, and Oracle9iAS provide a complete and integrated
solution for the development and deployment of business intelligence applications.
Since it is an integrated product stack you do not need to play the role of system
integrator.

Oracle Business Intelligence Beans

The Oracle Business Intelligence Beans are Java Beans that provide analysis-aware
application building blocks designed for Oracle9i OLAP. The following illustration
shows the relationships among the beans.
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There are three types of Business Intelligence Beans: presentation, data, and

persistence services

Presentation Beans

Presentation beans include table, cross tab and chart. Table provides a row
oriented view of data. Cross tab offers a multidimensional view of data and
provides services such as drilling, pivoting, and the selection of page dimension
members. The chart bean offers graph views of data. A very simple sample
application that uses the cross tab bean as a data display is pictured below.
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Presentation beans offer a wide variety of formatting and data manipulation tools.
For example, data driven formatting allows users to highlight data by automatically
using foreground and ground colors based on data values. Users who are
accustomed presentation quality formatting in desktop tools such as spreadsheets
will be pleased with applications that use the Business Intelligence Beans.

Since the Business Intelligence Beans use a layered architecture, the presentation
beans are not ‘hard wired’ to Oracle9i OLAP. Instead, they use Data beans to
access data through Oracle9i OLAP. Oracle takes advantage of this architecture
by using the presentation beans in a variety of products such as Oracle
Discoverer,Oracle Reports, and Oracle Portal. This is particularly important since
it allows organizations to build intelligence web portals that access data from a
variety of sources that provide a common user interface regardless of the data
source.

Data Beans

Data beans manage the application’s interaction with Oracle9i OLAP and
eliminate the need for the application developer to write directly to the Java OLAP
API. Instead, the data beans generate calls to the Java OLAP API. Since the
Business Intelligence Beans provides a higher level API, the task of developing
applications is greatly simplified.

The Query Builder bean provides user interface that allows users to select data in a
multidimensional context using a variety of powerful, analytically aware selection
tools. The Calculation Builder allows users to define virtual facts (“custom
measures™).
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The Query Builder, pictured above, allows end users to easily select data in a
multidimensional context. Users can select from lists of dimension members or, as
pictured above, define selection rules. Selection rules are built from examples (see
the left side of the Query Builder) that can be customized (see the right side of
Query Builder).

In the example above, the user has selected a ranking selection example (“Add Top
10 Cities based on Sales™). The user can modify the selection by selecting values
using hyper links. For example, the user might change Cities to Regions, Top to
Bottom, 10 to 20, and Sales to Units to arrive at ‘Add the Bottom 20 Regions
based on Unit Sales’.

In addition to ranking and exception tools, other selection tools include level
selections, selection by attribute, hierarchical selections, and time based selections.

One key concept that contributes to ease of use is editable queries. Users build
selections using discrete steps that can later be edited. For example, a user might
build a selection such as:

1. Select all products at the brand level.

2. Keep all products that had sales of 0 in 1999

3. Keep all products that had sales greater than 0 in 2000
4. Keep the top 10 products based on unit sales.

The above selection might be used to select the top 10 brands of those brands that
where new in the year 2000.

If the user wanted to instead select the top ten new items, they could edit step one
and change it from “Select all products at the brand level” to “Select all products at
the item level”.
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The Query bean provides a view of the multidimensional model to the
presentation beans, query builder bean, and calculation bean and generates Java
OLAP API queries. This dramatically improves the application developers
productivity by eliminating the need to write to the lower level Java OLAP API.

The Connection bean managers connections with Oracle9i OLAP. For example,
the connection bean provides services to make the initial connection and
authenticate the user.

Persistence Services

Persistence Services manages the Business Intelligence Beans repository. The
beans repository is used to store all developer and user defined analytical objects
such as reports, graphs, saved selections and virtual measures. Applications can
use the Persistence Services to save, retrieve, and otherwise manage all analytical
objects in the Bl Beans repository.

Since the Bl Beans repository is in the Oracle database, it is scalable and secure. It
is designed to support large distributed user communities who share analytical
objects in collaborative environments.

Java OLAP API or Business Intelligence Beans?

Applications developers have the choice of writing applications using Oracle9i’s
Java OLAP API or the Business Intelligence Beans. Which you use will depend on
the type of application you wish to develop.

The Java OLAP API is the lowest level interface to Oracle9i OLAP. It is very
powerful and extremely flexible. Using the Java OLAP API you can create highly
customized Java applications, Java applets (applets run in the context of browsers),
Java beans, and servlets.

In general, developers of third party commercial software products will access
Oracle9i OLAP by writing directly to the Java OLAP API. Examples:

The developer of an ad-hoc reporting application could use Oracle9i OLAP
to extent the analytical capabilities of their product. Since this developer
already has a application with a user interface suitable for this application,
they would write directly to the Java OLAP API to use Oracle9i OLAP as an
analytically aware data source.

A developer of a multidimensional analysis application could use Oracle9i
OLAP to replace a proprietary multidimensional engine.

The developer of Java beans which provide specialized visualization methods
such as geography mapping would write directly to the Java OLAP API to
access Oracle9i OLAP.

Most corporate IT organizations who build their own applications will use the
Business Intelligence Beans. The Business Intelligence Beans provide the
application components that are needed by most business intelligence applications
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- tables, cross tabs, charts, data selection, and data calculation tools. The Business
Intelligence beans offer a high level API that insulates the application developer
from the lower level Java OLAP API. As a result, applications can be built more
easily in less amount of time and at a reduced cost.

Development Environment

Applications can be built using the Business Intelligence Beans using any Java
development environment that supports Java beans. Oracle recommends using
Oracle JDeveloper because the Business Intelligence Beans are highly integrated
with JDeveloper and offers many advantages. These include:

Wizards in Oracle JDeveloper that can automatically generate Java code that is
used to build applications the use the Business Intelligence Beans. For
example, Oracle JDeveloper’s Business Intelligence Beans wizards can
automatically generate Java application code for an application that displays a
report, a chart, has access to the Query Builder and Calculation Builder, and
includes a menu with commands that allow users to save and open reports and
charts.

Oracle JDeveloper provides a live connection to Oracle9i OLAP during the
application design session. This allows the application developer to see data in
the application at design time. This is particularly important with business
intelligence applications because the data content often affects how the
analytical objects are designed. For example, being able to see the data at
design time allows the developer to make decisions about data selections and
formatting in a report. (Could you imagine trying to format a spreadsheet if
you couldn’t see the data?)

Oracle JDeveloper understands the Business Intelligence Beans repository.
This makes it very easy to share analytical objects between many different
applications. For example, several different applications could all share the
same report. When the report needs to be altered, JDeveloper can be used to
make the changes. All the applications that use that report then automatically
see the updated report. You can do this using other development
environments, but JDeveloper makes the task almost trivial.

Development Process

There are two basic tasks in the process of developing an application using the
Business Intelligence Beans. The first is to define analytical objects such as
reports, graphs, and data selections. The second is to develop the application code
that will display these objects to the end user.

The procedure for creating analytical objects involves three steps:

1. Create a new report or graph.
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2. Graphically choose the data and layout that you want to appear in the report
or graph.

3. Save the object to the Business Intelligence Beans repository.

These steps are easily accomplished using in Oracle JDeveloper or an application
that you create. Oracle JDeveloper is very convenient, particularly if the creator of
the analytical objects is also the application developer. If an end user (for example,
a marketing analyst) will be the creator of the analytical objects they can do so in
an application created using the Business Intelligence Beans.

After the analytical objects are created (or at least placeholders for them) they can
be used by a Java applications, a Java applets, a servlets or JSP.

Java applications run on the users desktop (like a Windows application). Java
applets run within a web browser. Both Java applications and applets offer full
featured GUISs that are run on the client machine.

Servlets and JSP are Java applications that run on a server. Servlets generate
HTML code that is displayed in the user’s browser. As a result, servlets do not
require that any Java code be downloaded from the client machine and are
therefore very fast. Servlets, however, do not provide as rich of a GUI to the end
user.

Since the Business Intelligence Beans support Java applications, Java applets and
servlets you are free to choose what type of application is best for your users. In
general, Java applications work well for users who spend a considerable amount
time using an application (for example, a market or financial analyst) and servlets
are best for occasional users or users who access the system using relatively slow
connections such as a modem. Java applets work well when you need to embed a
rich GUI in an HTML page.

Since analytical objects such as reports and graphs are saved in the Business
Intelligence Beans repository they are not embedded into the applications source
code. Instead, the applications reference an object in the Business Intelligence
Beans repository. As a result, it is possible for many applications to reference the
same report or graph. This offers several benefits:

The application developer and the designer of the analytical objects can be
different individuals. The application developer doesn’t necessarily need to
understand the content of the analysis. Developers of the analytical objects
do not need to understand how to build applications. This is very important
since the designers of analytical object are likely to be more like a marketing
or financial analyst than a Java developer.

Since analytical objects can be reused, the development process is more
efficient.

Since analytic objects are maintained in central repository, any updates to an
objects is automatically reflected in every application that uses that object.
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For example, a financial analyst might update a report that is used in several
different applications. This reduces the cost of maintaining applications.

Deploying Applications Built with Business Intelligence Beans

Because applications built with the Business Intelligence Beans are built using Java
they can be deployed anywhere on the Internet. Java applications can be deployed
on any device that can run Java. Servlets can service any device that supports a
browser. The application logic is written by the developer on the middle-tier and
may be reused by any client application: Java applications, servlets, JSPs, etc.
enabling support for a variety of devices such as PCs and browsers, PDAs and
even telephones.

When using the Business Intelligence Beans, deployment services are provide by
Oracle9i Application Server (Oracle9iAS).

Oracle9i PDA
OLAP Services Java Applet
-
Data Warehouse
Bl Beans Repository _ Mobile
] Phone

An increasingly common deployment method is to use business intelligence
portals. Business intelligence portals can be built using Oracle Portal, which is
included with Oracle9iAS. Since the Business Intelligence presentation beans are
used throughout Oracle’s business intelligence product line, a business intelligence
portal built using Oracle Portal, the Business Intelligence Beans, Oracle Reports,
and Oracle Discoverer provides the user with a consistent user interface
experience within the portal.

CONCLUSION

The days of large replicated data stores, client server business intelligence
applications and organizations acting as system integrators are past.

The Oracle9i product line provides a scalable and manageable solution for data
warehouse based business intelligence applications. Oracle9i OLAP provides the
means to effectively analyze data in the data warehouse. As a result, it is no longer
required to replicate large amounts of data into specialized databases and incur the
monetary costs of maintain such as infrastructure and the opportunity costs of
data latency.

Oracle Business Intelligence Beans and Oracle JDeveloper provide a highly
productive development environment for building attractive and easy to use
business intelligence applications that contain rich analytic content. Oracle9i
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Application Server provides integrated deployment services for thin client
applications on the Internet.

This product line provides organizations with the opportunity to build
sophisticated business intelligence solutions around centrally managed data
warehouses and deploy them to large, distributed user communities. Total cost of
ownership is minimized by avoiding costs associated with assembling multi-vendor
solutions on site and maintaining them on an ongoing basis.
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