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Executive Summary

Oracle9i Release 2 was the first, and is still the only, relational-multidimensional database.  As a relational-multidimensional database, it combined a relational engine and relational data types with a full-featured multidimensional engine and multidimensional data types.  The concept was simple – retain the advantages of a multidimensional database, solve the problems associated with stand-alone multidimensional databases and leverage the scalable, secure and resilient platform offered by the Oracle Database.

Advantages of multidimensional databases are compelling.  They include support for advanced multidimensional calculations and planning functions, a transaction model suitable for what-if analysis and modeling, and a dimensional data model that simplifies the task of defining calculations and expressing queries.  Multidimensional databases are also known for excellent query response times.

Although the advantages of multidimensional databases are convincing, there are also numerous problems associated with stand-alone multidimensional databases.  As compared with mature relational databases such as Oracle, they lack robust disaster recovery and high availability capabilities.  Their security apparatus is immature.  They typically replicate data already in the data warehouse.  They required specialized query and reporting tools.  And so on.

The net result is that stand-alone multidimensional databases are typically an adjunct to the data warehouse rather than being part of the core data warehouse. After all, stand-alone multidimensional databases replicate small subsets of the data warehouse and they can't support the SQL based tools used to query the data warehouse.  In order to be considered part of the data warehouse, multidimensional databases would need to provide support for very large data sets and query by SQL based tools.

The OLAP option to the Oracle9i Release 2 Database completely changed the multidimensional database market.  It is not a stand-alone multidimensional database.  Instead, a multidimensional engine and multidimensional data types were quite literally introduced into the kernel of the Oracle Database.  The multidimensional technology shares the same platform as the relational technology.  It is highly secure.  It has mature high availability and disaster recovery features. It supports SQL as an interface to multidimensional data types.

Oracle OLAP multidimensional data is a first class data type in the Oracle Database.  It is managed by the Oracle database management system, stored in Oracle data files and is accessible by SQL.  As a result of this native integration of the multidimensional data type, it is no longer necessary to host the OLAP data in a stand-alone multidimensional database and OLAP data can now be considered an integral part of the data warehouse.

The OLAP option to the Oracle10g database focuses on the primarily issues affecting the status of multidimensional data types within the data warehouse:  scalability and the ability to support SQL as a query language.  Oracle10g OLAP also offers new analytic opportunities and includes enhancements to the OLAP API.

Oracle10g provides support for features such as partitioned multidimensional data types, and parallelism within the cube building and aggregation process.  The SQL interface has been significantly enhanced to optimize support for a broader use of the SQL language when querying multidimensional data types.  The result is the ability to efficiently manage very large multidimensional data sets and to support a wide range of SQL based tools and applications.

Audience

This paper discusses a subset of the new features and enhancement that are included in the OLAP option to the Oracle10g Database.  The intended audience is database administrators and developers who are familiar with either the OLAP option the to the Oracle9i Database or its predecessor product, Oracle Express Server.  This paper might also be useful to organizations that are considering the use of the OLAP option since it provides insight into future directions for the product.

A Brief Overview of the OLAP Option

If you are not familiar with the OLAP option, this section will provide a brief overview of its capabilities and architecture.

OLAP API

The OLAP API is an object-oriented Java application programming interface.  It provides a multidimensional object model, and a broad range of classes and methods, that allow application to easily select, navigate and calculate multidimensional data.  The OLAP API, being a very powerful but low level API, is primarily targeted to the ISV community.  It is occasionally used by IT organizations, however they usually develop to higher level interfaces such as those provided by the Oracle Business Intelligence Beans.

Multidimensional Engine and Data Types

The multidimensional engine and data types provide support for complex, multidimensional calculations and planning functions.  The multidimensional engine provides support for a wide range of functions such as non-additive aggregation methods, time series calculations, indices, statistical functions, and many other analytic functions.  It offers exception support for planning applications that require features such as forecasting and allocations.  Also in support of planning applications, the multidimensional engine supports a 'read-repeatable' transaction model.  This transaction model allows multiple users to simultaneously engage in what-if analysis sessions where they can make session level changes to both the data and the data dictionary.

The multidimensional engine utilizes array based data structures known as variables for data storage.  These variables are true multidimensional data types stored in Oracle data files.  They are very efficient in terms of data storage and query performance.

The multidimensional engine provides a dimensionally aware calcuation language known as the OLAP DML.  This is a procedural programming language that can be used to express various types of calculations, design custom analytic functions, and control the data loading and calculation processes related to multidimensional data types.  The OLAP DML is accessible through SQL and PL/SQL, as well as the OLAP Worksheet client tool

A collection of multidimensional data types and OLAP DML programming code is stored in an analytic workspace within the database.  An analytic workspace has two basic purposes.  First, it is a container for a collection of multidimensional data types within a schema.  Second, it plays a role in defining the scope of a read-repeatable transaction (or, in other words, the boundaries of a what-if session).

SQL Interface

The multidimensional engine and the object technology of the Database support a SQL interface to multidimensional data types.  At the core of the SQL interface to multidimensional data types is OLAP_TABLE, a table function.  The role of OLAP_TABLE is to pass SQL to the multidimensional engine, transform parts of a SQL statement to OLAP DML commands and return data from the multidimensional engine as a row set to the relational engine.

The SQL interface to multidimensional data types can be made transparent to the SQL application by creating a view that selected from OLAP_TABLE.  While certain applications might prefer specific style views, views that make the analytic workspace appear as a star schema to a SQL application are common.  Also common are views that combine both dimension data (members, descriptions, hierarchical and attribute data) and fact data in a single denormalized view.  OLAP_TABLE can also be selected from without using views, thus providing applications with the opportunity to interact with the multidimensional engine from within a select statement.

The following example illustrates how a fact view of a star schema might be created and queried.  First, an abstract data types are created and then the view is defined.  The abstract data types define the columns and data types to the relational engine.  The CREATE VIEW statement binds the abstract data type to the analytic workspace and maps columns to multidimensional data types.

Oracle10g
create type sales_type_row as object (

   time_id                      varchar2(5),

   channel_id                   varchar2(5),

   product_id                   varchar2(5),

   customer_id                  varchar2(5),

   sales                        number,

   units                        number,

   extended_cost                number,

   forecast_sales               number,

   olap_calc                    raw(32)

   );

create type sales_type_table as table of sales_type_row;

create or replace view sales_view as

  select *

  from table(OLAP_TABLE('global DURATION session',

            'sales_type_table',

            '',

           'DIMENSION time_id FROM time

            DIMENSION channel_id FROM channel

            DIMENSION product_id FROM product

            DIMENSION customer_id FROM customer

            MEASURE sales FROM sales

            MEASURE units FROM units

            MEASURE extended_cost FROM extended_cost

            MEASURE forecast_sales FROM fcast_sales

            ROW2CELL olap_calc'));

The structure of a SELECT statement that selects from OLAP_TABLE is relatively simple and tends to be similar across different analytic workspaces and for use by different types of applications.  There are arguments to OLAP_TABLE that define the analytic workspace (GLOBAL, in this case), that bind the query to an abstract data type and that map relational columns define in the abstract data types to multidimensional data types in the analytic workspace.

The view could then be queried with a SELECT statement such as:

select  time_id,

        channel_id,

        product_id,

        customer_id,

        sales

  from  sales_view

  where time_id = '2003'

    and channel_id = 'CATALOG'

    and product_id in ('GUNS','LIPSTICK')

    and customer_id = 'TEXAS';

There are several methods that applications can use to interact with the multidimensional engine to define calculations and perform other tasks.  One method is the inclusion of an OLAP DML expression in a select statement.  The following example includes time series and a market share calculations.

select product_id,

       time_id,

       sales,

       olap_expression

        (olap_calc,'lagdif(sales,1,time,status)')

         as SALES_CHG_PRIOR_PRIOD,

       olap_expression

        (olap_calc,'sales/sales(product ''1'') * 100')

         as PRODUCT_SHARE

  from sales_olap_view

  where time_id = '2003'

    and channel_id = 'CATALOG'

    and product_id in ('GUNS','LIPSTICK')

    and customer_id = 'TEXAS';

In this example, the actual OLAP DML expression is in underlined text.  Note the relative simplicity of the code – the dimensional data model makes this possible.  The remainder of the bold text is the wrapper for the OLAP DML code that allows its use within the SQL select statement.

New Features and Enhancements in Oracle10g
This document describes many, but not all, of the enhancements that are included in the OLAP Option to the Oracle10g Database.  This document focuses on those features that enhance the standing of multidimensional data types as an integral part of the data warehouse:  support for very large multidimensional data sets and enhancements to the SQL interface to multidimensional data types.

The main focus of this document are those features that enhance the OLAP option and its multidimensional data types standing as a part of the data warehouse:  support for very large multidimensional data sets and that enhance the SQL interface to multidimensional data types.

Support for Very Large Multidimensional Data Sets

Oracle10g brings the time-tested techniques of partitioning and parallelism to multidimensional data sets.  The collection of features that support partitioning and parallelism allow for more efficient utilization of hardware resource and more efficient management of warehouses with large dimensional data sets.  When reading about these features note how the OLAP option leverages the Oracle Database as a platform.  Parallel update, for example, leverages new features in the multidimensional engine as well as support for parallelization within the Database.  This is an excellent example of how the multidimensional engine benefits from being an integrated part of the Oracle Database.

In addition to partitioning and parallelism the multidimensional engine has extended its ability to efficiently perform complex and numerous calculations dynamically, thus eliminating the need to pre-calculate and store large volumes of data.  As compared with relational technology and competing multidimensional technologies, the ability to efficiently perform dynamic calculations allows the multidimensional engine to present large volumes of derived information from relatively little stored data. This trend continues with new features such as the ability to aggregate data from formulas to summary levels within a hierarchy.

Enhanced Storage Model

Before examining individual features, it is necessary to examine a significant change to the storage model of the analytic workspace.  While the benefits of the storage model itself might not be readily apparent, it is important to understand it in order to understand how other new features work.

In Oracle9i Release2, analytic workspaces are stored in AW$ tables.  The Oracle9i Release 2 AW$ table contains two columns, an EXTNUM and AWLOB.  The analytic workspace could be partitioned across multiple rows in the AW$ table by specifying a maximize segment size (the maximize amount of data for any particular row).  The AW$ table itself could be partitioned using standard relational partitioning features.

This feature was required to support large analytic workspaces since there is a size limit for each row of a BLOB data type.  When used in combination with table partitioning, it was also useful for reducing I/O bottlenecks.  The extent of the database administrators control over this form of partitioning was, however, limited to specifying the maximum segment size; the multidimensional engine automatically distributed data across the rows of the AW$ table.

For example, if there is an analytic workspace named SALES with a segment size of 20GB, each row in the AW$ table would contain a maximum of 20GB of data.  The AW$SALES table could be partitioned using table partitioning as shown in the following illustration.
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AW$ table partitioning in Oracle9i Release 2

In Oracle10g, the storage model is enhanced to support the placement of objects in the analytic workspaces into specific rows of the AW$ table.  Objects can be further partitioned by segment size to allow for large objects.  Like Oracle9i, the AW$ table can then be partitioned across multiple data files.
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AW$ table partitioning in Oracle10g Release 2

The obvious benefit of the enhanced storage model is that database administrators have complete control over how data is distributed across data files and can therefore optimize I/O for data and data access patterns.  Other benefits of the enhanced storage model will become apparent as other specific features are discussed.

Partitioned Variables

Using application-programming techniques, it has long been possible to build analytic workspaces where data is partitioned across elements of the data model or across dimension members.  Variables, for example, could be partitioned by level of summarization or by members in the time dimension.  These techniques were effective, but they required an investment in application programming code and could not be fully leveraged by the multidimensional engine for parallelism.

In Oracle10g, the multidimensional engine provides direct support for partitioned variables.  This support for partitioning presents many opportunities for both enhancing manageability and supporting large multidimensional data sets.

Three partitioning methods are supported:

· Range partitioning allows data to be partitioned based on a range of dimension members.  For example, one partition might contain time dimension members that are less than '13', another that are less than '25', and so on.

· List partitioning allows data to be partitioned based on a list of specific dimension members.  For example, a partition might contain dimension members
<'JAN02','FEB02','MAR02','APR02','MAR02','JUN02','JUL02','AUG02','SEP02','OCT02','NOV02','DEC02'> and other partition might contain members <'JAN03','FEB03','MAR03','APR03','MAR03','JUN03','JUL03','AUG03','SEP03','OCT03','NOV03','DEC03''>

· CONCAT partitioning partitions data according to the dimension members that belong to a CONCAT dimension.

With each partitioning method, the multidimensional engine creates separate variables to store data.  To the application, it appears that all data is stored in a single variable.

The partitioning strategy is defined in a new object known as a partition template.  The partition template describes the partitioning method and is used within the definition of a variable.  The following OLAP DML code example shows how sales data might be partitioned using the CONCAT method to partition along the time dimension.

" Define dimensions to store time dimension members

DEFINE time2001 DIMENSION TEXT

DEFINE time2002 DIMENSION TEXT

DEFINE time2003 DIMENSION TEXT

" Add members to the individual time dimensions

MAINTAIN time2001 add 'JAN01' 'FEB01' 'MAR01' 'APR01' 'MAY01' 'JUN01' –

                      'JUL01' 'AUG01' 'SEP01' 'OCT01' 'NOV01' 'DEC01'

MAINTAIN time2002 add 'JAN02' 'FEB02' 'MAR02' 'APR02' 'MAY02' 'JUN02' –

                      'JUL02' 'AUG02' 'SEP02' 'OCT02' 'NOV02' 'DEC02'

MAINTAIN time2003 add 'JAN03' 'FEB03' 'MAR03' 'APR03' 'MAY03' 'JUN03' –

                      'JUL03' 'AUG03' 'SEP03' 'OCT03' 'NOV03' 'DEC03'

" Define the time dimension as a concatenation of each of the individual

" time dimensions.

DEFINE time DIMENSION CONCAT(time2001,time2002,time2003)

" Define the partition template object to describe the partitioning strategy

DEFINE by_year PARTITION TEMPLATE

       <time product geography>

       PARTITION BY CONCAT(time)

       (PARTITION y2001 <time2001 cp1<product geography>

        PARTITION y2002 <time2002 cp1<product geography>

        PARTITION y2003 <time2003 cp1<product geography>)

" Define the variable for sales data

DEFINE sales DECIMAL <by_year<time product geography>

Notes:

· To the application, both the time dimension and the sales variable will appear as a single object.

· Time dimension members are partitioned through the use of separate dimension objects.

· Physical storage of sales data will be in separate variables, one for each partition.

· Separate composite dimensions can used for each partition (as in this example) or a single composite can be shared by all partitions.  

· Partitioning assists with both manageability and scalability.  By allowing the multidimensional engine to manage partitioning, application-programming code is significantly simplified.  It also simplifies the task of rolling off time periods or members of other ordinal dimensions from the database.

Scalability is enhanced in a number of different ways:

· Data can be partitioned across time, thus providing the ability to store more historical data in the analytic workspace without affecting performance or manageability.

· Calculations can be easily limited to a subset of dimension members or parallelized. For example, aggregations, allocations and other calculations can be performed on time periods within a particular partition.

· Data loading can be parallelized.

· When partitioned along the lines of the logical model, for example by level of summarization, the definition of the variable can be adjusted to account for changes in sparsity between detail data and summary data.

· Disaster recovery tasks can be performed on subsets of data and can be parallelized.

· Partitioned variables can be directed to separate rows in the AW$ table.  The table can then be partitioned across different data files and disks to minimize I/O bottlenecks.

Parallelization

The ability to parallelize certain tasks in the analytic workspace is significantly improved through an enhancement to the transaction model of the multidimensional engine. There are also enhancements to the AGGREGATE command related to support parallelism aggregation.  The following sections discuss a new attach mode for analytic workspaces, parallel UPDATE and parallel aggregation.

MULTI Attachment Mode

In Oracle9i Release 2 and previous versions of the multidimensional engine, an application would attach an analytic workspace in either read-only or read-write mode.  A single session could attach the analytic workspace in read-write mode.  As a result, only one session could attach the analytic workspace for any task the resulted in permanent changes to data.

In Oracle10g, the multidimensional engine supports a multi-writer attachment mode.  The MULTI option to the ATTACH command specifies that the analytic workspace is attached in multiwriter access mode. A workspace that is attached in multiwriter mode can be accessed simultaneously by several sessions. In multiwriter mode, users can simultaneously modify the same analytic workspace in a controlled manner by specifying the attachment mode (read-only or read-write) for individual variables, relations, valuesets and dimensions.

Rather than attaching the analytic workspace in read-write mode, the session attaches the workspace in MULTI mode as shown in the following example:

AW ATTACH sales MULTI

When an analytic workspace is attached in MULTI mode, individual objects in the analytic workspace can be acquired for read-write access.  Acquiring the object for read-write access has the affect of locking the object and preventing other objects from making permanent changes to it.  Changes can be made to the objects data; the object can be updated (saved) and then released. Once it is released, it becomes available to other sessions for being acquired.

The following commands illustrate how the MULTI mode might be used simultaneously by two different sessions.  One session is updating Actual Sales data.  The other is updating a forecast.

User 1

AW ATTACH sales MULTI    " SALES is the analytic workspace

ACQUIRE actual_sales     " ACTUAL_SALES is a variable

... make modifications

UPDATE MULTI actual sales

COMMIT

RELEASE actual_sales

User 2

AW ATTACH sales MULTI    " SALES is the analytic workspace

ACQUIRE forecast_sales   " FORECAST_SALES is the variable

... make modifications

UPDATE MULTI forecast_sales

COMMIT

RELEASE forecast_sales

The MULTI attach mode provides the opportunity to parallelize any number of activities in the analytic workspace.  Some examples follow:

· Using separate simultaneous sessions to load data into different variables can parallelize data loading tasks.  For example, different sessions could be used to load data into SALES and COST variables.  When combined with partitioned variables, different sessions could load into each partition in parallel.

· Separate sessions can be used to aggregate separate variables or partitions of a variable.

· Separate sessions can be used to solve models, allocations and virtually any other calculation within the analytic workspace as long as the calculation is directed to different variables or partitions of a variable.

Parallel Update

In Oracle10g, the OLAP DML UPDATE command runs automatically in parallel on partitioned variables, thus optimizing performance of this command on servers with multiple processors.  Significant improvements will be seen in cases where large volumes of data are updated (such as a data load or aggregation) and partitioned variables are used.

Aggregation from Formulas

It is often the case that data for a measure is derived at the lowest levels of the data model from other data within the analytic workspace.  Consider an analytic workspace where data for the measures Units Sold, Unit Price and Unit Cost are loaded at the Month, Item and Ship To levels of the dimensional model.  If the measure Sales is required at both detail and summary levels, a variable for Sales is created, the values are calculated at detail level and the AGGREGATE command or function is used to calculate summary level values.  The following OLAP DML code might be used to perform such a task in Oracle9i (assume a previously defined aggregation map, SALES_AGGMAP).

define sales variable decimal <time product geography>

limit time to time_levelrel 'MONTH'

limit customer to customer_levelrel 'SHIP_TO'

limit product to product_levelrel 'ITEM'

sales = units_sold * unit_price

aggregate sales using sales_aggmap

At first glance, you might think of using a formula to calculate sales in order to eliminate the need to calculate and store detail level data for Sales.  After all, the process of computing Sales at the detail level could be time consuming if there is a large volume of units sold data.  A formula, however, would not work for summary level data because Unit Price is available only for detail level data for both the Time (at Month level) and Product (at Item level) dimensions.

Oracle10g allows formulas to be used as a source of data to the AGGREGATE command.  This eliminates the need to calculate and store data at the detail level, yet still retains the ability to aggregate to summary levels.  As always with the AGGREGATE command, aggregations can be precalculated and stored or can be calculated dynamically.

The new $AGGREGATE_FROM property specifies the name of an object from which to obtain detail data when aggregating data. When aggregating the data in a variable, Oracle OLAP checks to see if the variable has an $AGGREGATE_FROM property and, if it does, obtains the detail data for the aggregation from the object specified by that property.

Building on the previous example, the pre-calculation and storage of Sales could be avoided by aggregating the Sales variable from the SALES_FORMULA formula.

define sales formula decimal <time product geography>

eq units_sold * unit_price

define sales_variable variable decimal <time product geography>

property '$aggregate_from' 'sales_formula'

limit time to time_levelrel 'MONTH'

limit customer to customer_levelrel 'SHIP_TO'

limit product to product_levelrel 'ITEM'

aggregate sales_variable using sales_aggmap

The multidimensional engine will automatically recognized when data needs to be aggregated (from the specification of the aggregation map and the absence of data in the variables cell) and perform the aggregation from either the formula or preaggregated intermediate levels of the data model.

Optimizations to Composite Dimension Indexing

New 64 bit Btree indexes and optimizations to the process of synchronizing composite dimensions to base dimensions support excellent query response times with very large composite dimensions (for example, composite dimensions in excess of 1 billion members).

Compatibility with Real Application Clusters and Oracle Grid Computing

Oracle Real Application Clusters and Oracle Grid Computing are technologies available in the Oracle Database that allow the Database to be run on a network of computers as a single instance.

Real Application Clusters allows the Database to run on multiple servers as a single instance.  It allows administrators to add additional processing power to the database environment as needed over time.  For example, a system could start with a four CPUs in two inexpensive servers with two processors each and add additional servers when the processing power is required.  Since several smaller servers generally costs far less than a single SMP server, this solution tends to be more cost effective than a single, large SMP server.  In addition, this system has increased reliability because no one server is a single point of failure for the system.

Oracle Grid Computing extends this concept by allowing multiple instances of the Database to run on a network of computers.  It adds to the ability to reallocate resources on the computing grid to different instances of the database as needed.

Real Application Clusters and Oracle Grid Computing provide a database platform of virtually limitless computing capacity and scalability.  The multidimensional engine and data types of  the OLAP option, being part of the Oracle Database, can be used in the context of Real Application Clusters and Oracle Grid Computing.  This, combined with the new opportunities made available through partitioning and parallelism, provide the OLAP option the capability to support very large user communities and data sets.

SQL Interface to Multidimensional Data Types

As stated earlier in this paper, the SQL interface to the multidimensional data types is one of the key factors that qualify the multidimensional data types as first class objects in the data warehouse.  The most important requirements of this SQL interface are the accuracy of the data, performance and manageability.

It is critical that any SQL statement issued against multidimensional data types return the same exact results as when issued against a relational data types (that is, tables and views).  Application developers and database administrators must have complete confidence that the SQL is correctly interpreted every time.

Performance is always a requirement.  In the case of SQL against the multidimensional data types, the requirement is that the styles of SQL emitted by applications commonly used in the context of the data warehouse will run well against multidimensional data types, and that any recommended optimizations are reasonable.

In order for the solution to be practical, relational representations of multidimensional data types must be similar to those that are commonly used with relational data types in the data warehouse.  For the most part, this means the star schema.

The architecture of the SQL interface ensures that any select statement will always run against multidimensional data types, and that the results are consistent with the same select statement against a relational table.  Key to this architecture is the layering of the relational engine over both the object technology of the Oracle Database and the multidimensional engine.

In this architecture, the object technology of the Oracle Database is used to redirect a SQL query to the multidimensional engine.  A table function, OLAP_TABLE, passes the select list, the FROM clause and the WHERE clause to the multidimensional engine.  The multidimensional engine applies predicates from the WHERE clause to the cube, performs any necessary calculations and returns data to OLAP_TABLE.  OLAP_TABLE converts the data to a row set and passes it to the relational engine for any additional processing that might be needed.

Because not all functions and predicates can be transformed to and executed in the multidimensional engine, it is critical that the relational engine apply functions and filters in order to ensure 100 percent accurate results.  The following illustration shows the processing steps and notes that SQL filters are evaluated in the relational engine.
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Processing SQL against multidimensional data types in Oracle9i Release 2

Since the relational engine always applies functions and filters on the data returned from multidimensional data types, it can be guaranteed that results of the select statement will be the same as if data was selected from a table or view.  If, for example, OLAP_TABLE could not transform a certain filter to OLAP_DML LIMIT commands for the multidimensional engine, the multidimensional engine would provide an unfiltered or partially filtered set of data and allow the relational engine to complete the filtering process.

Application of Relational Filters to Multidimensional Data Types

While Oracle9i will always return the correct results when using SQL to access multidimensional data types, it was important for applications to issue SQL with filters that could processed by the OLAP_TABLE and transformed into multidimensional predicates.  If this transformation does not occur, it is possible that large volumes of data will be pushed through OLAP_TABLE and then processed in the relational engine.  This condition could result of sub-optimal performance of the select statement.

In Oracle10g, this architecture is enhanced to optimize a wider range of SQL predicates when selecting from multidimensional data types.  This is accomplished by applying SQL filters to data before the data are converted to a row set using OLAP_TABLE.  As a result, the risk of pushing large volumes of data through OLAP_TABLE is minimized and applications need not be as concerned with optimizing SQL for selecting from OLAP_TABLE.  The net result is that a wider variety of SQL applications can be used with the OLAP option without special considerations.
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Processing SQL against multidimensional data types in Oracle10g

Note that like Oracle9i Release 2, the SQL filter is always evaluated in the relational engine to ensure that any SQL can be executed against multidimensional data types.  The process is optimized by both reducing the amount of data transported through OLAP_TABLE, and the application of the filters on smaller volumes of data in the relational engine.

Support for SQL Models

Oracle10i supports a new MODEL clause in SQL that is used to express some types of OLAP-like calculations.  The types of calculations that are expressed with the MODEL clause are similar to what the OLAP community commonly refers to as custom dimension members.  A custom dimension member is a virtual member whose value is calculated at runtime.  In contrast to custom measures, which could be thought of as new columns in a fact table, a custom member could be thought of as adding new rows in the fact table.

In the following example, assume you have table sales with product, year, and amount for years 1998, 1999, 2000, 2001 and 2002.  Values for amount are calculated as follows:

· For all products, sales in 2002 will be 10% greater than sales in 2001;  except for,

· Amount for product 'Games' in 2002 will be sum of amount of Games in 2001 and 2000; and,

· Amount for 'Accessories' in 2002 will be 20% higher than average sales of that product in 98,99,00,01:

The select with model could be:

select prod, year, amount

from sales

model dimension by (prod, year) measures (amount)

(

   amount[any, 2002] = 1.1*amount[cv(prod), cv(year) - 1]

   amount['Games', 2002] = amount['Games', 2001] + amount['Games', 2000],

   amount['Accessories', 2002] = 1.2* sum(amount)['Accessories', for year in

(1998, 1999, 2000, 2001)]

)

For the purposes of this paper, it is not important to understand the syntax of model.  It is simply important to understand the SQL models provide an additional method for defining certain types of calculations against multidimensional data types and that the SQL interface to multidimensional data types has been optimized for SQL models.  In this case, the optimization occurs by having the multidimensional engine completely bypass OLAP_TABLE as data is being returned.  Instead, the multidimensional engine directly populates a hash table in the database.
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SQL with MODEL clause against multidimensional data types in Oracle10g

The processing of SQL with the MODEL clause is highly efficient against multidimensional data types.  In many cases, performance of MODEL with multidimensional data types exceeds that of the same SQL against relational tables.  This will provide SQL based applications with both new analytic features and performance advantages.

This optimization method also provides insight into Oracles approach to integrating the relational and multidimensional engines.  While many people might expect that the SQL model would be transformed by OLAP_TABLE into OLAP DML expressions, Oracle instead optimizes the system in such a way that allows multidimensional data types to be used as data sources to the relational engine.  This approach better leverages the unique capabilities of each engine within the Oracle Database.

Query Rewrite to Views Over Multidimensional Data Types

Query rewrite and materialized views revolutionized how SQL based applications approached querying summary level data in the data warehouse.  Before query rewrite, SQL based applications needed to either navigate summary tables themselves or summarize data at runtime using GROUP BY.  Mapping to summary tables could be very tedious for the DBA.  Navigating summary tables could be very expensive for the application when the data model was complex.

Query rewrite, first introduced in Oracle8i, allowed applications to defer navigation of summary tables to the Oracle Database.  Instead of mapping the application to the summary tables, the application can map to only the detail level fact table.  When the application issues SQL with a GROUP BY, the database will automatically rewrite the query to the materialized view.  This dramatically simplified the maintenance of application metadata and often improved query performance.

In Oracle8i and Oracle9i, query rewrite was limited to materialized views.  A materialized view is a table that is registered in the data dictionary for use with query rewrite.  It was not possible to use query rewrite with other objects such as views.

In Oracle10g a new feature, query equivalence, allows query rewrite to be used with views.  With query equivalence, the DBA indicates to the database what SQL could have been used to create the view even if the view was created in some other way.  For example, if the application likes to emit SQL with SUM … GROUP BY but the view was created with entirely different SQL, the DBA could indicated that the view is equivalent to SUM … GROUP BY.

This feature of the database is extremely useful with the OLAP option since SQL access is always through views.  The DBA can create a view over an analytic workspace with syntax such as:

SELECT TIME, PRODUCT, CUSTOMER, SALES
FROM OLAP_TABLE …  

And indicate to the database that the view is equivalent to:

SELECT TIME.TIME, PRODUCT.PRODUCT, CUSTOMER.CUSTOMER, SUM(FACT.SALES) …

  GROUP BY …

If the application issues a query that is consistent with the equivalence of the view, such as the example below, the query will be automatically rewritten to the view over the analytic workspace. 

SELECT TIME.TIME, PRODUCT.PRODUCT, CUSTOMER.CUSTOMER, SUM(FACT.SALES) …

  GROUP BY …

This provides the DBA and application with benefits similar to those of materialized views – simplified maintenance and improved query performance.

The process of querying an analytic workspace using views and query equivalence is illustrated below.
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Query processing using query rewrite to a view over an analytic workspace

Automatic Runtime Generation of Abstract Data Types

Abstract data types are used by object technology of the Oracle Database to define the relational columns for data that is returned from a non-relational data source.  In the case of the OLAP option, abstract data types describe data being selected from analytic workspaces in terms of relational columns.

In Oracle9i Release 2, it was a requirement that abstract data types be created as part of the administrative process of enabling analytic workspaces for query by SQL.  To provide applications and database adminstrators with additional flexibility in the administration of SQL access to analytic workspaces, Oracle10g supports automatic runtime generation of abstract data types as part of the query process.

As a default, the data are returned using the analytic workspace object name and data type as the relational column name and data type.  Extensions to the limit map argument of OLAP_TABLE provide control over column names and data types of the return data.  The use of automatically generated abstract data types with OLAP_TABLE is optional; predefined abstract data types can still be used.

With the addition of this new feature, it is now possible to query analytic workspaces without requiring the DBA to predefine either abstract data types or views.

Conclusion

The OLAP option to the Oracle10g Database represents a truly unique offering to the OLAP market.  It offers an industrial-strength calculation engine and performance unmatched by any stand-alone multidimensional database, yet it does so in the context of the more reliable and more secure platform of the Oracle Database.  If simply competing in the OLAP database market was the goal, the OLAP option with all its calculation power and its OLAP API would be more that sufficient. Oracles goal, however, is higher.  The goal is to present OLAP as a central component to the data warehouse rather than as an add-on to the data warehouse.

To this end, the OLAP option to the Oracle10g Database is designed in such a way that it allows multidimensional data types to be considered part of the data warehouse.  This means that all of the calculation power of the OLAP option can be obtained without the requirement that data always be replicated from relational tables to separate cubes.

There are several core requirements that need to be met if this vision is to be accepted.  The system must be highly secure and extremely reliable, multidimensional data types must be managed side by side with other data types in the database, it must support large multidimensional data sets and must be accessible using SQL.  Much of this vision was seen in Oracle9i Release 2 with the integration of the multidimensional engine into the Oracle kernel.  In Oracle10g, the position of multidimensional data types in the warehouse is solidified by the support for very large dimensional data sets and additional support for SQL access to multidimensional data types.

Key to the support of large multidimensional data types is the enhancement to the data storage model and the more granular methods for write access to the data this model provides.  This enabling technology is the basis for partitioning of multidimensional data types and parallization of common maintenance tasks such as data loading and aggregation.  Combining this technique with other enhancements, Real Application Clusters and Oracle Grid Computing provide the opportunity to support very large multidimensional data sets.

The other half of the equation – data access – is enhanced through the optimization of SQL access to multidimensional data types.  Oracle10g builds on the Oracle9i implementation by moving the processing of SQL filters to a point closer to the multidimensional engine and by allowing multidimensional data types to act as data sources to hash tables for SQL model optimization.  Management of summary level data is dramatically simplified through the use of query equivalence and query rewrite to views over multidimensional data types.  As a result, a wider variety of SQL based applications will be able to work with the OLAP option without optimizing SQL to multidimensional data types.
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