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PREEACE

At the time of this writing (January, 2002), Oracle 9i release 2 is still in development. This release adds significant additional
capabilities over Oracle 9i release 1. Limited access to information has prevented a thorough review of Oracle 9i OLAP
release 2. More information should be available once beta copies of Oracle 9i release 2 become available. The IOUG Live!
presentation will include more information on Oracle 9i OLAP release 2.

INTRODUCTION

With Oracle 9i, Oracle finally did it. It took six years since Oracle purchased Express from Information Resources, Inc. (IR1),
but Express is finally integrated into its flagship RDBMS engine. Release 2 of Oracle 91 OLAP promises tighter integration,
with the 9i OLAP engine being imbedded in the kernel of the RDBMS engine. Data can be stored in relational tables, or in a
multidimensional “analytic workspace.” In either case, the data can be presented multi-dimensionally.

HISTORY

To understand what has changed, it is best to start back at the beginning of Express. The Express language and environment
has gone through many changes over the years. Express has been purchased by various companies searching for an analytic
platform for decision support applications.

EXPRESS IS BORN

Express was started by several people from MIT who needed a platform to develop decision support applications. In the
1970’s, their company, Management Decision Systems (MDS), developed this into a product on the Primos and IBM Virtual
Machine (VM) platforms. This product was eventually called Mainframe Express (MFX) or “classic Express.” In 1985 the
product was rewritten in C and ported to the PC platform running MS-DOS. This product would be known as pcEXPRESS.
The language went through several changes at this time, but the underlying concepts used remained the same—storing data in
multidimensional arrays.

IRI ACQUIRES MDS

Information Resources, Inc. (IRI) had been using Express as a platform to analyze its consumer packaged goods supermarket
scanner data. In 1985, IRI purchased MDS and eventually developed DataServer (later renamed Oracle Sales Analyzer) as a
software product designed to deliver its scanner data and the analysis tools required by its clients. Along the way, IRI ported
the new pcEXPRESS database engine to various mainframe environments and added many extensions still found in Express
today.

ORACLE PURCHASES EXPRESS

In 1995, Oracle Corporation needed a tool to analyze its financial data and was impressed enough with Express and the
product eventually renamed Oracle Financial Analyzer that they bought the Express product line from IRI. Oracle opted to
keep the Massachusetts-based development team in a separate division rather than integrate the developers into its California-
based organization. Oracle attempted to integrate Express into its flagship RDBMS product offering, especially with its
Relational Access Manager offering, but never truly integrated the tools or databases. In 1998, Oracle integrated the
development teams into the rest of its organization. Major enhancements necessary to support data warehouses in the
RDBMS made possible delivering OLAP functionality directly out of the RDBMS engine, and the 9i OLAP project was
started as part of Oracle 9i development.
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91 OLAP INTRODUCED

9i OLAP changes the way that Oracle-based OLAP data is stored and OLAP applications are built. Data can now be stored
natively in the RDBMS. Access to the data is through a new Java OLAP API (application programming interface). Bl Beans
provides a new interface for accessing the data. Managing OLAP data no longer requires knowledge of an environment
foreign to traditional RDBMS developers and DBASs.

STORING DATA RELATIONALLY INSTEAD OF MULTI-DIMENSIONALLY

At its heart, 91 OLAP is about storing data in a series of standard relational tables of rows and columns and accessing the data
as if it is stored multi-dimensionally. This, of course, enables standard Oracle tools such as loaders, backup utilities, and data
management tools to be used against this data. Materialized views enable higher-level totals to be stored in a data warehouse
for efficient access, eliminating many of the traditional performance problems in ROLAP systems. By placing the
responsibility for maintaining these materialized views in the server database (instead of application code), applications are
greatly simplified and are much less error prone.

RDBMS DATA AcceSSs CATCHES up TO MDBMS DATA ACCESS

Traditionally, one of the key benefits of a MDBMS has been fast data access. Array access is inherently fast because a DBMS
can calculate the exact position to locate a cell of data through simple multiplication and addition—no indexes required. See
How Does Express Really Work Anyway at www.vlamis.com for more information. As larger multidimensional databases are
stored with greater sparsity, the need to efficiently compress out NA values with structures such as conjoints and composites
has mitigated this advantage. In addition, advanced index methods such as bitmapped indexes have improved RDBMS access
for data warehousing purposes. RDBMS systems are finally up to the task of managing OLAP data.

ANALYTIC WORKSPACES PROVIDE MULTIDIMENSIONAL STORAGE

So, what if you still want to store data multi-dimensionally? Oracle retained the ability to store data natively in arrays with
analytic workspaces. Oracle did not advertise this heavily with Oracle 9i OLAP release 1. Express databases are still there—
they are just called “analytic workspaces.” They are even still stored in separate files with a .db extension. This lack of full
integration explains why Oracle didn’t advertise this fact when Oracle 9i OLAP first came out. In release 2, Oracle will be
changing the data storage mechanism to remove this disadvantage and will be storing the analytic workspaces in special
structures in the RDBMS. This, along with access to data in a analytic workspace via SQL, will allow Oracle to take full
advantage of multidimensional data

Bl BEANS ENABLE RAPID APPLICATION DEVELOPMENT

While the Java OLAP API enables Java programmers to access 9i OLAP data, most developers will want to use Oracle’s
enterprise Java Beans for Business Intelligence (Bl Beans) to develop applications. These enterprise Java Beans provide the
visual interface to interact with 91 OLAP data. Although Bl Beans works in many standard Java Beans integrated
development environments, Oracle delivers wizards with JDeveloper that simplify the task of developing OLAP applications.

WORKING WITH 91 OLAP—SERVER SIDE

9i OLAP is part of Oracle 9i. It is so integrated with the rest of the RDBMS that it is not possible to install just 9i OLAP
without the RDBMS. As of the writing of this paper, software is unavailable so descriptions are necessarily vague. Some
concepts are very familiar, with seemingly only name changes, while other concepts are totally new.

MANAGING 91 OLAP

The 9i OLAP management tools are integrated into the rest of Oracle Enterprise Manager. What used to be the Express
Instance Manager is now the 9i OLAP Instance Manager. Express services has been renamed 9i OLAP. While some of the
configuration keys have changed, many of the concepts and details remain the same, such as individual sessions, and settings
such as ServerDBPath. Other areas have totally changed, such as the replacement of Batch Manager with the job scheduler in
Oracle Enterprise Manager and using RDBMS security to control which user ids have rights to manage 9i OLAP.
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JAVA OLAP APl EXAMPLES

The Java OLAP API is the application programming interface that provides multidimensional access to data warehouse data.
The API includes primitives that handle typical OLAP needs, such as calculated measures and selection scripts. The following
code fragment demonstrates selecting the products where the dollars measure is greater than 1,000,000 for geography Orlando
for time period May2001:

Sour ce geogSel geogr aphy. sel ect Val ue(" ORLANDO') ;

Source tineSel time. sel ect Val ue(" MAY2001");

Source result = prodSel;

Nunber Source Dol | Sel = (Nunber Source) dollars.join(geogSel).join(tineSel).join(prodSel);
Source prodSel = product. sel ect(Doll Sel.gt(1000000));

When data is stored in relational tables, 9i OLAP translates this OLAP API language into SQL, using new SQL primitives
such as concatenated rollup, scrollable cursors, and query rewrite for efficient access.

When data is stored in analytic workspaces, 9i OLAP translates this OLAP API language into OLAP DML (a hew name for
Express SPL).

Since the OLAP API translates into either SQL or OLAP DML, the same application can access RDBMS or analytic
workspace data with a few simple changes.

WORKING WITH 91 OLAP—CLIENT SIDE

While the Java OLAP API is available, few developers will actually use it. Oracle primarily built the Java OLAP API for its
own internal use to provide a foundation for future development. Rather than using the Java OLAP API, applications will be
developed using Java using Oracle’s Bl Beans, delivered with JDeveloper 9i. As of the writing of this paper, Bl Beans is still
in beta, so descriptions are necessarily vague.

Bl BEANS ENABLE AcCCESS TO OLAP DATA FOR THE MASSES

BI1 Beans are enterprise JavaBeans that provide access to 9i OLAP calls through a standard interface. Some Beans are “back-
end” beans that supply services such as database connections, while others are user interface beans such as Table, Crosstab,
and Graph. These form the heart of an OLAP user interface.

CONCLUSION

So what does the future hold? Clearly, 9i OLAP represents a major leap forward for integration between Oracle’s RDBMS
and OLAP offerings. This integration makes it possible for all Oracle databases to benefit from OLAP technology. Many of
the concepts applicable to Express design carry over to Oracle 9i OLAP, but the changes in storage and new user interface
possibilities will cause most users of existing Express-based applications to reevaluate what can and can’t be done. Oracle 9i
OLAP release 2 extends the technology to effectively re-introduce multidimensional storage in analytic workspaces. This will
enable better storage mechanisms for “personal data” such as forecasts, what-if analyses, and scenario management.
Adoption of 9i OLAP has been slow because without Bl Beans, there was no “interface” to take view 9i OLAP data. With BI
Beans release, the only item missing is the analytic applications based on Bl Beans. You can wait for Oracle to develop these
applications, develop them yourself, or purchase one from a third party. Why wait? The power of OLAP in the relational
database is here today.
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Disclaimer

Oracle 91 is being changed Iin
release 2 and all statements,
Illustrations and features shown
during this presentation are
subject to change.
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Agenda

&

« Historical background

«  Why Oracle 91 OLAP?

« What is Oracle 91 OLAP and how does Bl Beans
fitin?

 Oracle9i OLAP storage options

« Structure of Analytic Workspace

« Differences from Express
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Requirements of OLAP Systems

GF

e Multidimensional user view

* Drill down, rotate
 User-created measures

* |terative discovery process
 Multiple levels (embedded totals)

Do these attributes imply a proprietary MDBMS?

NO.
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Key Developments

&

* Integrating Express Server team into Oracle
Server team

« RDBMS gets OLAP functionality in SQL

 Data Warehouse features in Oracle 8i:
— Bitmap and bitmap join indexes
— Materialized views
— Query rewrite
— “N-pass” functions

* Increasing use of very sparse data
 Oracle focus on integration
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Multidimensional data store
provides quick access

All data in single
proprietary file

Express SPL powerful for
calcing and extending apps

GUI environment uses
Visual Basic language

RAM moves data from
RDBMS into Express

Designed for multiple
read/only users

EXxpress Features and Limitations

Difficult for IT to adopt,
Max database size

Difficult to integrate and
schedule back ups

Long learning curve for
new developers

Not consistent with Oracle
direction

Star and snowflake only,
performance concerns

No multi-writer support
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Express Has Not Gone Away...
_w It has just been absorbed

* Analytic Workspaces are Express DB files
e Oracle marketing will downplay Express

 Design considerations for Analytic Workspaces
same as for Express DBs

 EXxpress engine still there

 Express SPL still there (but only operates on
storage in analytic workspaces)

* Analytic Workspaces better at complex
calculations (for now)

« Use OLAP Worksheet for OLAP DML commands
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Components of 91 OLAP

&

* Instance Manager now in Oracle Enterprise
Manager

« OLAP folder of OEM defines
multidimensional structure (replaces RAA)

 Query Processor processes Java OLAP API

« OLAP Worksheet provides command line to
OLAP DML

Bl Beans provide linkage to Java OLAP API

 JDeveloper is environment for building apps
(replaces OEQ)
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Administration with OEM

&

Acquiring System Administration Privileges
Starting / Stopping / Pausing OLAP Services
Changing the Configuration Settings
Managing Sessions

Viewing Status Messages

Granting Access Rights to Users

Creating Databases (Metadata, dimensions, Measures
and Cubes)

Running Batch Jobs

Scheduling Jobs

Managing the Service Environment
Managing OLAP Services Agent
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Oracle Enterprise Manager
Sample Screen

_&.
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OLAP Services Instance Manager
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Oracle Enterprise Manager
~_Sample Screen (replaces RAA)
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Oracle 91 OLAP Query Path

G

Forecasts - Models - Allocations
Data Warehouse - Query and Reporting Consolidations - Scenarios - Custom
Functions
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&

Query Processor Detalls

« |If data in Analytic Workspace:

gets data using OLAP DML

 |f datain RDBMS:

generates SQL, using new N-pass functions,
etc. to calculate data necessary

« Can generate incredibly complex SQL
« Data filtered in RDBMS
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Java OLAP API

&

* Object-oriented

« Mathematically consistent

 Java (industry standard)

« Compatible with JOLAP standard
 Declaratively (not procedure) based
 Datain relational or analytic workspace
 Multidimensional cursors

 Really designed for low-level access
 Most developers will use Bl Beans instead
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Metadata Required

RDBMS data Analytic Workspace data
« Storedin "Olap catalog" + Stored in Express Common

.  Edited with OEM Metadata (ECM) format

. Based on CWM «  Similar to OEO/Adminstrator

metadata
« Once set up, can use

OLAP API against data * Once set up, can use OLAP
APl against database

- ECM stored in series of
catalogs in AW so 9i OLAP
and Bl Beans can access
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OLAP API Calculation Capabilities

&

 Multidimensional object model
 Totals broken out by multiple attributes
« Row and column calculations

 Union dimensions

 Measures as dimensions

 Calculated dimension members
(e.g. iIncome 0-20K, 20-50K, 50-75K, >75K)

« Asymmetric queries
« Multiple measures per cell (e.g. color-coding)
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&

English

Express

Java
OLAP
API

Simple Java OLAP APl Example

Select the products where the dollars measure is greater than
1,000,000 for geography Orlando for time period May2001.

limt geography to ' ORLANDO
limt time to ' MAY2001'
limt product to dollars gt 1000000

Sour ce geogSel = geography. sel ect Val ue(" ORLANDC") ;
Source tineSel = tine.sel ectVal ue("MAY2001");
Source dol ByProd = dol Src.join(geogSel).join(tineSel);
Source prodSel = product. sel ect(dol ByProd. gt (1000000));
Source dol GTIM || =

dol Src.join(geogSel).join(tinmeSel).join(prodSel);
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Java RavelopmeniEnvironment

H 3

HTML NEVE]

Praclie 9IAS

Development

Deployment

Database Services

Vlamis Software Solutions, Inc.



New Data Storage Possibilities

G

| Oracle9i
Oracle8i Star Schema
RAM ‘. IIIII A ‘
. . --“ : lllll Y
2"""""i: Express 6.x X

""" ’ OLAP API
00000000
Analytic
Express 6.x Workspace
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Analytic Workspaces Are Stored In
Tablespaces in 91 OLAP 2

e
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Migration Choices

No Data Moves

RDBMS to AW
esnnnld

OLAP API
Express to
Analytic
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Advantages of RDBMS Storage

a Oracle9i

Star Schema

Store data in familiar RDBMS
Easy access to data using SQL
Can use materialized views
Best for read-only applications
Model with OWB

Data may already be in schema
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Advantages of AW Storage

e Faster multidimensional access
 Personal user workspaces
 Best for read/write applications
« Best for heavier analysis

« OLAP DML language

Analytic
WO rkS p ace Vlamis Software Solutions, Inc.



Oracle 91 AW Tips

&

 Use separate tablespaces for AWs
 Keep out of SYS tablespace

e Stripe across drives with multiple
pathnames

 Make sure they autoextend

 Users should use TABLESPACE keyword
when creating AWSs
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91 OLAP AW Stores Data in Cubes

_% Fast Flexible Access to Summarized Data

Pr gr. View Mgr. View

Fin gr. View
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What Are AW Cubes?

&

« Data stored as arrays

« Dimension values are internally integers

« Offset calculated using simple multiplication
« Offset tells exactly where to look for data
 Pages and segmentation complicate design
 Conjoints and composites handle sparsity
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Calculating the cell offset is

_& simple multiplication and addition

Formula for calculating cell offset:

month + product * (# of months) + city*(# of months * # of products)
2 + 1 *( 3 )+ 1% 3 * 3 ) =14

0 1 2 3 4 5 6 7

p C D)
R O 8910111213&15)
o) a g16 17 18 19 20 21 22 23

. D)
b= §24 25 26
U
c 2
T
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Converting to pages of data

Express then converts the index to
a page number and a page offset number

hypothetical number of page number page offset
values that can fit per page (quotient) (remainder)

01 2 3 45 6 7 ~ \\\\\ ////

g8910111213g15j * 14/8=1+6/8

D

<;16 17 18 19 20 21 22 23

<;24 25 26

Find the data on page 1 at offset 6
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Page allocation table points to
ages

&

Find the data on page 1 at offset 6

page

allocation
DATA.DB table page #
— 53
0 |53 1 0 7
/ 54
1|54 8| 9]10f11]12 13|14|15
Units 55

2 |55 T 161171 18|19 20|21 22|23
56
3 [56 T 241 25| 26
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Segments allow for
dimension maintenance

GF

Units variable

bt h Segment table for <MONTH CITY>
0 1 2 3 4 5

0 Seg##t| Month| Month| City| City
% min max min|  max
iC : Segnent O 0 0 5 0 2
t 4
y

Segment O created when UNITS populated with MONTH 5, CITY 4

Vlamis Software Solutions, Inc.




Segments allow for
dimension maintenance

Units variable

Vot h Segment table for <MONTH CITY>
0 1 2 3 4 5 6 7 8

0 Month| Month| City| City
1 min max| min| max
Cc 2 Segnent 0
i 3 0 5 0 4
t 4
y 6 8 0 4

Vlamis Software Solutions, Inc.

Segment O created when UNITS populated with MONTH 5, CITY 4
Segment 1 created when UNITS populated with MONTH 8, CITY 4




Segments allow for
dimension maintenance

&

Units variable

Vot h Segment table for <MONTH CITY>

0 1 2 3 4 5 6 7 8

0 Month| Month| City| City
1 min max| min| max
c 2
i 3 0 5 0 4
t 4
6
7 0 8 5 8
8|

Segment O created when UNITS populated with MONTH 5, CITY 4
e Segment 1 created when UNITS populated with MONTH 8, CITY 4
°* Segment 2 created when UNITS populated with MONTH 8, CITY 8
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Conjoints and Composites
store sparse data efficiently

GF

Sparse Units variable Conjointed Units variable

Mont h
0 1 2 3 4 5 6 7 8

1 1 2
4

M onth> Units

N

O

=
<

N
N

< =70
o~Noooh~wNER O
IS

a1
(N[O |A|WIWININFP|IO|O|O
OFRPO|W|IO|OC|UIN[AIN|FP(N|R~|O
GO |OI|W|W|AIN[N[O[OTA NP

* Conjoint values exist only for combinations that have data
* Datais stored by the conjoint dimension, so sparse data is compressed

Vlamis Software Solutions, Inc.




&

Executing OLAP DML From SQL

DBMS AW.EXECUTE procedure

DBMS_AW.INTERP function (returns a CLOB
with the log from the commands)

« DBMS_ AW.GETLOG() function gets the log

from the most-recently executing OLAP
DML command or program or OLAP_TABLE

function
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OLAP DML Changes

« All SPL commands there except following:

Operating and file system commands limited

XCA commands and options (and shared sessions)
No interactive debugging

External Call (EXTCALL) command

SQL CONNECT command and SQL.DBMS option
SNAPI (use Java OLAP APl instead)

 Added support for:

Parallel aggregate

— Allocate

Data conversion functions, new data types
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OLAP DML Changes (continued)

&

 Database is now Analytic Workspace
— Stored in LOB in RDBMS (9.2)
— AW create command creates AW's
— Can attach multiple AW's
— Non-unigue object names OK now

. Update AND THEN COMMIT
. SQL PREPARE for high-speed AW->RDBMS

« SQL access to AW via OLAP Table Function
(9.2)
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OLAP Worksheet

[Eraros rogram | ==
y Eile Edit Debug Help x|

edit status
database list
| showy eversion

¥YEE _3TI1 INTEGER

-dUn 1ntege

. EE statusOln intege Security Mgr, Sion: 9.0,
Server. |5un 351 [:] YEE status0Zn intege Q . Weroiori: C
i =] citmap Mgr, WVer: e

ACA Port: |7'r55‘1 - status00n = 34220 Jherer Cartridge Sup

statuslln = 34240 erm Mgr, Veraion: 9.0

I Encrypt passward statustZn = 34260 PaPI Interface, Wersion: ¢

SQLOUT Manhager, Wersion: 9.
IF ARG(1l) EQ "' OCI Interface, Version: 9.0L

: THEN DO ¥CL Interface, Version: 9.0
Password: |~ IF NOT DATABASE (AT - ’ Execute [:gdit ] Clear ] Cancel |

| THEN 3IGMAL 'STATI database list
_3TN = DATABASE (DI

sername: |Dlapdba

Damair:

EXpEESS E/0 UNCHANGED fexport/home/oracle/OraHomel folap/db/ex
IF NUMLINEZS(_STH) OESEn E/0 UHCHANGED /export/home/oracle/0raHomel folap/db/oe
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A
I
A
I
ELSE 3HOW lmsphras @ edit status

EK Help ] Canceljl DDEEHD
IF UPCASE (ARG{1l)) EO

THEN D0

Workspace: |IZI

_5TN = DATABASE (DI
IF NUMLINES( STH)

Ready
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Terminology Map

EXpress Oracle 9i OLAP

Express database Analytic Workspace

Oracle Express Server OLAP Service

Express Instance Manager | OLAP Services Instance
Manager

Express Agent OLAP Agent

Express SPL (or 4GL) OLAP DML

RAA OLAP folder of OEM

RAM Automatic*

* Not necessary to use RAM any more since relational data directly accessible
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Terminology Map (continued)

EXpress Oracle 9i OLAP
oes.key olap.key

oesdba olapdba

SNAPI Java OLAP API
Oracle Express Objects JDeveloper

Express Basic Java

Express Administrator None

OESCMD and Administrator | OLAP Worksheet
command line

Vlamis Software Solutions, Inc.
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