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Oracle9i Database
Single business-intelligence data server

Relational

OLAP

Data Mining

ETL
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The New Way: Oracle9i

• Single business intelligence platform
– Reduce administration and implementation costs
– Faster deployment
– Improved scalability and reliability

Data Warehousing

ETL

OLAP

Data Mining

Oracle9i



Oracle9i Application Server
Runs All Your Business Intelligence Applications

Portal

Query & Reporting

BI Components

Web Site Analysis
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Data Warehouse DBMS Market Share

IBM
28%Oracle

37%

NCR
6%

SAS
6% Other

11%

Microsoft
12%

IBM
Microsoft
Oracle
NCR
SAS
Other

Source: “Data Warehousing Tools: Market Forecast and Analysis, 2001-
2005”, IDC, 2001
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What Is Oracle Warehouse Builder?

� An extensible common warehouse metadata
(cwm) based framework for designing,
deploying and managing enterprise data
warehouses, data marts and e-Business
intelligence applications

� Completely CWM based

� Included with Oracle9iDeveloper Suite



Oracle Warehouse Builder
Design, Deploy, Manage

Design Target Warehouse1

2 Define Sources

• Relational
• Flat Files
• Applications
• Mainframe

Map Source to Target3

Oracle8i or Oracle9i

Generate Code4

Instantiate Warehouse5

Extract and Transform Data6



OWB9i Mapping Sources to Targets

Mapping Editor
• Joiner
• Filter
• Aggregator
• Deduplicator
• Sorter
• Splitter
• Sequence
• Inline Expressions
• Transformations
• Pre- and Post-
  Mapping Processes



OWB9i Incremental Code Generation



The OWB Repository

� Multi-user repository
– Single update, multiple read
– Object locking
– Synchronize

� Metadata Import/Export
� Archive/Restore

– Leverage 3rd party source control system



OWB Metadata Integration
� OMG CWM

– Open Standard, XML Metadata Interchange (XMI)
– Powerful object model
– Spans metadata related to ETL, analysis

� Oracle Warehouse Builder Bridges
– Oracle Discoverer, Express
– CA ERwin
– Sybase PowerDesigner
– OMG CWM

� Metadata exchange from Designer, Pure tools



OWB Metadata Browser
Reporting, Data Lineage, Impact Analysis



OWB 9i Toolkit

� Oracle9i ETL Toolkit includes
– Change data capture

– External tables

– Table functions

– Merge (insert / update)

– Multi-table insert

– Resumable statements

– Transportable Tablespaces with different block
sizes



Metadata Reporting



Metadata Reporting – Impact Analysis



Types of Analysis

Extraction of 
detailed and 
summary data

Summaries,
trends and
forecasts

Knowledge discovery
of hidden patterns
and insights

Information Analysis Insight and Prediction

Who charged
most on credit
cards in the last
3 years?

Who will switch
corporate cards
in the next 6
months
and why?

Usage
distribution
of credit
card users?

Ad-Hoc &
Reporting OLAP Data Mining



EngineEngineEngine Engine

9iAS Reports

Web Listener

Multi Tiered
Server

Oracle9iAS Reports
Application Server based Reporting

� Reports dynamically
generated on the server

� Batch scheduling, output
caching

� Load balancing & clustering
� New in Oracle9iAS rel. 2

– JSP-Based runtime for high quality
HTML publishing

– Seamless integration with Oracle Portal
– Pluggable Data Sources & Destinations
– Event Based Reporting
– Reports Services Enhancements
– Enhanced Reports Bursting



Oracle9iAS Discoverer

� Interactive web queries
– Power user

– Build, modify, format queries
and graphs

– Export to popular applications

� Recently added features
– Dynamic drill, pivot, graph

– Analysis using SQL analytic
functions

– Materialized views support

– Firewall support
Pure Java, Firewall support



9i OLAP Functionality Overview

Key points:

� Move the OLAP engine into the database

� Achieve scalability

� Achieve security

� Achieve de-mystifying of OLAP by
– Allowing SQL access

– Allowing mix-and-match of OLAP and
Relational



OLAP Application Platform – OLAP
Services

Oracle9i Database

Oracle9i OLAP

BI Beans

JDeveloper 9i

Scaleable data store
Integrated metadata

Summary management
SQL analytic functions

Java OLAP API
Predictive OLAP functions

Rapid application development
OLAP ready



9iOLAP Integrated RDBMS-MDDS

Oracle Call Interface

Relational Technology

SQL Engine

Object Technology

Table Functions

OLAP Technology

OLAP API

Multidimensional
Engine

Storage

Relational 
Cubes Multidimensional

Cubes

Oracle Database

JDBC



Query Methods

Generic SQL
Application

OCI or JDBC

Select … from
View/table

Relational Multidimensional

OLAP API
Application

SQL GeneratorSelect … from
View/table

OLAP API

KPRB

OCI or JDBC

Select … from
OLAP_TABLE

‘OLAP aware’ SQL
Application

•DBMS_AW.EXECUTE
•DBMS_AW.INTERP
•DBMS_AW.INTERPCLOB

Select … from
view

RDBMS View

Table Function



OLAP integration with OWB

� Design the Warehouse in Warehouse Builder
– Dimensions
– Cubes

� Design the Data Flow for Relational Objects
� Add the Data Flow for Multi-Dimensional

Objects
� Deploy the Design to the Database
� Run the Loads
� Query the Results



Metadata Design - Dimensions



Metadata Design - Cubes



Deployment

� Deploy the regular scripts using the
deployment Manager

� Deploy OLAP metadata via the
new/improved  OLAP bridge, this:

– Creates all skeleton objects (empty)
– Registered the objects in the OLAP catalog
– Binds the OLAP objects to the relational

objects
– BI Beans enabled environment

� Creates a ROLAP environment



Oracle9i

OLAP catalog metadata

Deployment

OWB

Scripts

DDL

OLAP
metadata

PL/SQL

Generate

Create
Analytic Workspace

Bridge

Register

Publish

Relational Views

Register

BI Beans Discoverer

Tables,
Dimensions,
PLSQL etc..

Deploy



Deployment - Bridge



Deployment – Bridge

Collection Name - Collection to export
OWB Translated Language - MLS Language
Deploy to AW - Do you want to create an AW definition

AW Name - Name for the AW
Generate View Definitions - Do you want to generate views for this AW

Generated View Prefix - Prefix for the views
Access Type - OLAPI, DISCO (currently ignored)
Generated View Directory - Directory on server for generated view script

Deploy PLSQL in Database - Do you want to deploy the PLSQL in the db?
Username -
Password -
Hostname -
Port -
SID -

PLSQL Output File - Resultant PLSQL generated
Log Level - Information / Trace / Error



Metadata  - OEM



Data Loading

� Load the relational objects via a normal
mapping

� Load the OLAP AWs via:
– Mapping – post mapping process
– Process Flow activity

� Load the OLAP AWs:
– Refresh or Insert into Dimensions
– Refresh or Insert into Cubes

� Using an OWB wrapper procedure on top of
the RDBMS pl/sql



Oracle9i

OLAP catalog metadata

Data Loading

Analytic Workspace
Load/Refresh

Relational Views

Publish

Registered

Cubes,
Dimensions,
Tables

Sources

Insert/Update

BI Beans Discoverer



Data Movement – Relational



Data Movement – Loading OLAP

Refresh routines for AW
are published as OWB
OLAP procedures



Data Movement – Adding OLAP



Data Movement – Using PFE



Data Movement – Using PFE



Viewing the Results

Currently Access is provided through:

� BI Beans
– The Java query components to enable OLAP

� Discoverer
– The Ad-Hoc query tool now utilizing OLAP

– Warehouse Builder is capable of generating
Business Areas for Discoverer

– Impact Analysis and Lineage is available from
Discoverer through the ETL process



Viewing the Results – OLAP DML

Generated
AW with
fully solved
cube in
OLAP
worksheet



Benefits

Reduced complexity

� User Interface
reduces complexity of
OLAP environment

� Deployment is made
simple from
Warehouse Builder

� ETL now covers the
OLAP data

Reduced Development
time

�One design environment
saves:

–Time and effort in
building

–Time and effort in
training

�Easy to extent existing
warehouse with OLAP
(up sell possibility)

Reduced Maintenance

�One design
environment means
one management
environment

�Part of the regular
ETL flows and
processes

�Part of the regular
DBA activities
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Oracle9i for Data Warehousing
Continuous InnovationOracle 7.3

l Hash Join
l Bitmap Indexes
l Parallel-Aware

Optimizer
l Partition Views
l Instance Affinity:

Function
Shipping

l Parallel Union All
l Asynchronous

Read-Ahead
l Histograms
l Anti-Join

l Partitioned Tables and Indexes
l Partition Pruning
l Parallel Index Scans
l Parallel Insert, Update, Delete
l Parallel Bitmap Star Query
l Parallel ANALYZE
l Parallel Constraint Enabling
l Server Managed Backup/Recovery
l Point-in-Time Recovery

Oracle 8.0

Oracle8i

l Hash and Composite Partitioning
l Resource Manager
l Progress Monitor
l Adaptive Parallel Query
l Server-based Analytic Functions
l Materialized Views
l Transportable Tablespaces
l Direct Loader API
l Functional Indexes
l Partition-wise Joins
l Security Enhancements

Oracle9i

l List Partitioning
l Bitmap Join Index
l Dynamic Aggregation Buffersize
l Materialized Intermediate Results
l Grouping Sets
l Concatenated Grouping Sets
l Aggregate Pruning
l New Analytic Functions
l Self-Tuning Execution Memory
l System Managed Undo
l Dynamic Resizing of Buffer Pool
l ETL Infrastructure
l and much more ...



ETL Infrastructure
External Tables & Table Functions

Loader Stream 

Format

Extract
Driver

SQL, PL/SQL,
Java

Transform

� Scaleable Data Flow

� Pipelined, Parallel Transformations
– SQL, PL/SQL, Java  (load, insert,update, delete)

� Intra-file Parallelism
– Eliminates need for manual split of input file

• Currently does not support indexes

• Useful when entire file must be accessed for join or load

Flat
File



Oracle9i -External Table example:
CREATE TABLE  sales_trxn_ext
(prod_id number(6),
cust_id number,
unit_cost  number (10,2),
unit_price number (10,2),
time_id  date
)
ORGANIZATION external
(
  TYPE oracle_loader
  DEFAULT DIRECTORY data_file_dir
  ACCESS PARAMETRS
  (
    RECORDS DELIMITED BY NEWLINE CHARACTERSET US7ASCII
    BADFILE log_file_dir: ‘sh_sales.bad_xt’
    LOGFILE log_file_dir: ‘sh_sales.log_ext’
    FIELDS TEMINATE BY “|” LDTRIM
   )
   location
   (
    ‘sh_sales.dat’
    )

) REJECT LIMIT UNLIMITED;

INSERT /*+ APPEND */ INTO COSTS

(  prod_id,

   time_id,

   unit_cost,

   unit_price

 )

SELECT

   prod_id,

   time_id,

   sum(unit_cost),

   sum(unit_price)

 FROM sales_trxn_ext

 GROUP BY time_id, prod_id;



Oracle9i - ETL Infrastructure
Key Benefits

� Increased Load Performance and Scalability
– Pipelining: Fewer steps/stages

– Increased Parallelism

– More powerful transformations

� Improved Manageability
– Single solution for Data and ETL management

� Reduced Costs
– Fewer tools to buy and integrate

– Leverage existing SQL, PL/SQL and Java skills



Oracle8i Partitioning Methods
Range, hash and composite partitioning

Q1 Q2 Q3 Q4

H1
H4

H8

…
…

Q1
Q2
Q3
Q4

H1 H4 H8… …

� Hash partitioning
distributes data evenly

– Improves parallelism

– Easy striping of data
to disk

� Composite partitioning: range + hash
– Admin and availability benefits of

range

– Parallel benefits of hash
� Parallel maintenance ops support

“rolling window”

RANGE
(ORDERS)

HASH
(PRODUCTS)

• Physically organizes a table into smaller units for  manageability & availability.
• Partition Elimination and partition aware optimization speeds queries.
• Partition level administration improves manageability (export, recover, merge)
• Partitions support in parallel query, truncate, & indexing.

COMPOSITE
(ORDER ITEMS)



9i - List Partitioning

List
Partitioning

Argentina

Australia
France

• Allows to logically designate partitions
in-line with business behavior

•e.g. by product groups, geographical
regions, by department names etc...
Benefit of list partitioning: More precise
control of distributing data among
partitions

• Allows a DBA to enumerate the
partition-key values for each partition

•Useful for partitioning over discrete
domains (e.g. geography, product
category)



           9i Rel2:   Range-List Partitioning

January/February March/April May/June

East Sales Region
New York
Virginia
Florida

West Sales Region
California
Hawaii
Oregon

Range, sub-partition by List.



Oracle Corporation Confidential

Transportable Tablespaces

� Copy database subsets
(tablespaces) between
databases

– Operating system file copy for
data

– Managed transfer of meta data
between databases

– “Plug in and go”

Result: extremely fast
bulk data transport
between databases



Analytic Functions
Oracle8i - Release 2

� Ranking functions
� rank, dense_rank, cume_dist, percent_rank, ntile

� Window Aggregate functions (moving and cume)
� avg, sum, min, max, count, variance, stddev, first_value,

last_value

� LAG/LEAD functions
� Direct inter-row reference using offsets

� Reporting Aggregate functions
� sum, avg, min, max, variance, stddev, count, ratio_to_report

� Statistical Aggregates (normal and window)
– correlation, linear regression, covariance

� These types of queries performed without the OLAP
option



Analysis Ready RDBMS
Analytic Enhancements

� Oracle8i, Release 2
– Rank, percentile
– Window (moving average, cumulative sum)
– LAG/LEAD
– Ratio-to-Report
– Statistical functions (linear regression, correlation)

� Oracle9i
– Inverse Percentile
– Hypothetical Rank and Distribution functions
– Histogram Function
– First/Last Values
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8i Supported Index Types

Index Organized Tables Bitmapped Index Partitioned Indexes

B-TreeFunction BasedParallelization
f(  )

Hash

Index

Table LocalGlobalColumn
01010 00010 110001
11000 11101 000100
01010 00010 110001
01010 01010 010101
11100 00101 000101

Bitmap

Ascending Descending 

User defined indexing is discussed in the extensibility section.



Function Based Indexes

Indexed access replaces full table scan
Fast access to data based on an expression, built-in
function or user-defined function

select * from EMP where

              SAL + COMM > 1600;

select * from EMP  where

              ENAME = ‘ADAMS’;

create index on EMP (                            );

create index on EMP (                                );

--------------EMP Table --------------
                                             DEPT
Jones        1000         200         10
Adams       1500          20         20
Smith         2500        400         30
    .                     .               .            .   

+

UPPER()

COMMSALENAME

SAL + COMM

Upper(ENAME)



Bitmap Join Indexes
Speed Joins on Two or More Tables

� Especially good for large dimension tables in star & snowflake
schemas

� Up to 30x improvement in internal tests; very space-efficient

Index key is Customer.State

CustomerSales

Indexed Tables is Sales

CREATE BITMAP INDEX cust_sales_joinidx

     ON SALES (CUSTOMER.STATE)

FROM Sales, Customer

WHERE Sales.cust_id = Customer.cust_id;



Joins

• Nested-loop join

‘typical’ relational join

• Sort-merge join

• Hash join (7.3)

• Parallel Bitmap Star Join
(8.0)

• Hash Anti-Joins

Dramatic Performance Gains

•Innovative use of bitmap indexes
•Complex Star Schemas

–multiple fact tables
–many dimensions
–unconstrained dimensions
–large dimension tables

•Optimized for sparse fact tables
•Parallel execution
•Query Transformation

Join Types

Parallel Bitmap Star Joins



Materialized Views

• Pre-compute “materialized” queries to speed performance
• May Include Aggregates, Joins and Unions
• Query rewrite enables transparent use
• DBMS_OLAP package displays actual use
• Refresh by time, on demand, or in real-time

Data SourcesMaterialized View

Aggregate
Function

Query
Optimizer

SQL



Fast Query Performance

� The best approach for every query
– Integrated
– Comprehensive

Materialized Views

Access & Join Methods

Parallel Operations

Partitioning

Query
Optimizer



Analysis Tools & Applications
Discoverer, Express, Business Intelligence Solutions, 

Clickstream Intelligence, Personalization, Partners

Design & Development Tools
Warehouse Builder, Designer, JDeveloper, Reports, Portal, Partners

Extract, Transform, Load
Oracle Warehouse Builder, Partners

Database & Server Technology
Oracle8i & Oracle9i, Express Server
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Oracle Data Warehousing & Business
Intelligence Solution
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