Supercharging Star Transformations
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A star transformation is a methodology used to join tables to greatly improve performance of queries on dimensional data warehouse schemas.  Prior to star transformations, the primary join methods available were nested loops, merge, and hash joins.  Like many other of the more complex Oracle RDBMS features, star transformations much be properly configured and tuned to optimize their performance.  .  This paper explains how to take full advantage of this powerful data warehouse feature.  Specifically, the author will use a specific dimensional data model to introduce star transformations, illustrate the necessity of bitmap indexes, and show how to configure the database instance to minimize star transformation response time.  It covers versions 8.1.7 through 9.2 of the Oracle RDBMS.  All of the results in this paper were produced on version 9.2.0.4.

An Example Dimensional Schema

The following dimensional schema will be used as a real life example.  This is a practical implementation of the type of schema discussed extensively in books such as The Data Warehouse Toolkit: The Complete Guide to Dimensional Modeling, by Ralph Kimball.
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Figure 1 – Example Dimensional Schema

The schema is used by an energy company to analyze oil and gas well performance, and to generate a variety of reports used for decision support.  The d_prod_period dimension contains production dates.  The d_acctg_period dimension contains accounting dates.  The difference between the two is that production dates are when the business event occurs while accounting dates are when the event is booked for accounting purposes.  Both dimensions contain dates for 50 years at a monthly time grain.  The d_property dimension contains information about all of the oil and gas wells at a property level.  Each property may contain multiple wells, but because some data is not available at this lower level of granularity, the property level grain is used.  This dimension also contains a collapsed location hierarchy that enables users to query at any level of the organization, for example, oil field, district, region, or country.  Information about well ownership is contained in the d_company table.  

The d_measure table is a denormalizing dimension that is used to identify the operational measures contained in the fact table.  Examples of measures are oil and gas production, and oil sales. In this particular case, the fact table contains only one measure on each row, rather than storing all facts for a particular set of dimension keys on a single row.  There are two primary reasons for this design.  First, the data is sparse.  For a particular production day, accounting day, company, and property, only 7% of the nearly 300 measures are populated.  This is a space efficient design.  The second major benefit is that the addition of new measures only requires the addition of rows of data to the d_measure table, not code changes to the user interface.  This provides for more simple user interface code, which also results in lower code maintenance as more measures are added.  For dense populations, the traditional design incorporates one column for each measure in the fact table.  

Each of the dimension tables has a numeric primary key comprised of a sequence-generated number, otherwise known as a surrogate key.  The fact table columns include the surrogate key for each of the dimension tables, and a column to hold the measure value.  The row counts in the dimension tables range from several hundred to 20,000.  Single column bitmap indexes have been created on each dimension table on any column that is expected to be used as a query limiting condition.

The fact table holds 8 years of data, and has 38 million rows.  It is range partitioned on the production period dimension key column, prod_period_id.  Since the granularity of the data is at the monthly level, the table has a total of 96 partitions.  The fact table has the following column definitions.

Name                                      Null?    Type

----------------------------------------- -------- -------------

PROD_PERIOD_ID                            NOT NULL NUMBER(12)

ACCTG_PERIOD_ID                           NOT NULL NUMBER(12)

PROPERTY_ID                               NOT NULL NUMBER(12)

MEASURE_ID                                NOT NULL NUMBER(12)

COMPANY_ID                                NOT NULL NUMBER(12)

LOS_NMBR                                  NOT NULL NUMBER(24,8)

Single column local bitmap indexes have also been created on each of the dimension key columns in the fact table.  The rationale behind the indexing strategy will be explained in more detail in a later section.

This is a small schema by data warehouse standards.  Yet because of the nature of the analyses, the goal is for the median query to return in 3 seconds, a substantially higher response time requirement than an often desirable target of 30 seconds to three minutes in data warehouse environments.  This has been achieved by a careful schema design, implementation of the most useful Oracle data warehousing features including table and index partitioning, materialized views, and star transformations.  We have all heard the saying, “the chain is only as strong as the weakest link”.  This principle is applicable for tuning data warehouse queries.  For even though the physical design may be flawless, performance will be far less than optimal if star transformations are haphazardly tuned.

Life Before Star Transformations

Prior to illustrating the benefits of star transformations, it is useful to review how a join on a dimensional schema would be processed without their benefit.  In doing so, the reader will gain a greater appreciation of star transformation capabilities.  Consider the following query run against the above schema.

SELECT

  dp.property_nm,

  dm.measure_dsc,

  dm.country_id,

  dpp.prod_dt,

  SUM(fl.los_nmbr) sum_measure

FROM

  f_los fl,

  d_prod_period dpp,

  d_measure dm,

  d_property dp

WHERE fl.property_id = dp.property_id

AND fl.prod_period_id = dpp.prod_period_id

AND fl.measure_id = dm.measure_id

AND dp.field_nm = 'NORTHFIELD #211'

AND dp.foreman_nm = 'ROGER DUKE'

AND dpp.prod_year = 2003

AND dm.measure_dsc IN ('GROSS OIL','GROSS GAS')

GROUP BY

  dp.property_nm,

  dm.measure_dsc,

  dm.country_id,

  dpp.prod_dt;

This query will produce a foreman report, for a field, for gross oil and gas production, for the entire year of 2003.  Assuming that hash joins have been enabled on the instance, the query will execute according to the following execution plan.

SELECT STATEMENT   Cost = 359                              

 2.1 SORT GROUP BY                                         

   3.1 HASH JOIN                                           

     4.1 TABLE ACCESS BY INDEX ROWID "D_PROPERTY"          

       5.1 BITMAP CONVERSION TO ROWIDS                     

         6.1 BITMAP AND                                    

           7.1 BITMAP INDEX SINGLE VALUE "D_PROPERTY_IX10"

           7.2 BITMAP INDEX SINGLE VALUE "D_PROPERTY_IX08" 

     4.2 HASH JOIN                                         

       5.1 TABLE ACCESS FULL "D_MEASURE"

       5.2 NESTED LOOPS                                    

         6.1 TABLE ACCESS FULL "D_PROD_PERIOD"           

         6.2 PARTITION RANGE ITERATOR                      

           7.1 TABLE ACCESS FULL "F_LOS"                   

The query is executed as follows.  Beginning with the block defined by level 4.2, the production period dimension table is scanned and joined to the fact table (levels 5.2, 6.1, 6.2, 7.1).  The optimizer chose to drive the query using these two tables for one reason.  The fact table is partitioned on the dimension key for d_prod_period, and there is a limiting condition on that dimension that specifies a production year of 2003.  As a result, 84 of the 96 partitions have been eliminated because they do not contain data for 2003.  The resulting row set will contain all rows in the fact table for 2003.  This row set is hash joined to the d_measure table, which greatly reduces the number of matching rows.  This occurs because of the limiting condition on the d_measure table that specifies GROSS OIL and GROSS GAS.  

The next query plan block that executes is the one that starts at level 3.1.  Here, the bitmap indexes on the field name and foreman name are used to access the rows in the property table (levels 4.1, 5.1, 6.1, 7.1, 7.2).  This row set is hash joined to the row set from the prior step.  Finally, the data is aggregated at level 2.1 as specified by the GROUP BY clause.

The query requires 26,319 logical reads and returns 3,256 rows in 74 seconds.   While this isn’t bad performance for a traditional data warehouse, remember that our requirement is for a median response time of 3 seconds.  Much improvement is yet to be gained to meet this higher requirement.

By further investigating the join methods used on this schema, we can gain a better understanding of their inefficiencies.  Note from the query text, that no single limiting condition applied to the fact table will produce a small row set.  The first join between the production period dimension and the fact table results in a row set containing 14 million rows, or 37% of the entire table.  Each successive join to a dimension table culls more rows, until the result of 3,256 rows is finally reached.  While other indexing strategies, join orders, and join types may be employed in an attempt to improve performance, the fundamental problem is that the query will always be driven by joining a single dimension table to the fact table.  This always results in a very large row set that will only be reduced by successive joins.  

Star Transformations

The star transformation is a join methodology that overcomes this problem by efficiently joining all dimension tables before accessing the fact table.  The following steps show how a basic star transformation is performed within the Oracle RDBMS.

1. Build lists of fact table ROWIDs for each dimension table.

a. Build a list of dimension table ROWIDs for a dimension based upon the limiting conditions in the query.  This is achieved using one of two methods.  For small dimensions, the table is scanned.  For large dimensions, one or more bitmap indexes are accessed, Boolean operations are performed to arrive at a final unique set of ROWIDs, and the dimension table is accessed accordingly.  In the above schema design, the dimension key is the sequence generated primary key. 

b. Using the dimension keys from step 1a, access the corresponding bitmap index on the fact table.  This produces a list of fact table ROWIDs that match a single dimension key.  This step is repeated for each value of the dimension key.

c. Merge the results from all dimension keys for a particular dimension to produce a unique list of fact table ROWIDs and Boolean indicators.  The indicators in the list would logically appear as any of the four columns, D1 through D4, which represent each value of all limiting conditions specified in the query.  (Figure 2)

d. Repeat steps 1a through 1c for all dimension tables in the query.

2. Perform an AND operation across each row of the lists, again illustrated in Figure 2.  Only rows with values of 1 (TRUE) in each of the four dimensions will result in a value of 1 in the result column.  Any result column with a value of 0 means that the fact table ROWID in question fails to meet all of the limiting conditions, so it should not be included in the result set.  Conversely, a value of 1 indicates that the ROWID meets all of the limiting conditions.  

3. Using the fact table ROWIDs from step 2, retrieve the fact table rows.

4. Join back to each dimension using the dimension key from the fact table rows to retrieve any attribute columns requested in the query.  The most efficient access and join method will be used for this operation.

5. Perform any aggregation operations on the result set.

[image: image2.png]Result

D2 D3 D4

D1





Figure 2- Star Transformation Boolean Operations

When the query above executes a star transformation, the following execution plan results.  Each of the three blocks beginning with step 11.1 in the execution plan corresponds to step 1 in the star transformation.  Steps 8.1 and 9.1 in the execution plan correspond to step 2 in the above description, while the second occurrence of step 7.1 in the execution plan corresponds to step 3 in the description.  Step 6.2, the partition range iterator, means that all of the steps below are performed for each fact table partition being accessed.  All of the steps above step 6.2, with the exception of step 2.1, correspond to step 3 in the above description.  Step 2.1 in the execution plan corresponds to step 4 in the above description.

SELECT STATEMENT   Cost = 165                                                 

 2.1 SORT GROUP BY                                                            

   3.1 HASH JOIN                                                              

     4.2 TABLE ACCESS BY INDEX ROWID "D_PROPERTY"                             

       5.1 BITMAP CONVERSION TO ROWIDS                                        

         6.1 BITMAP AND                                                       

           7.1 BITMAP INDEX SINGLE VALUE "D_PROPERTY_IX10"                    

           7.2 BITMAP INDEX SINGLE VALUE "D_PROPERTY_IX08"                    

     4.1 HASH JOIN                                                            

       5.2 TABLE ACCESS FULL "D_PROD_PERIOD"                                  

       5.1 HASH JOIN                                                          

         6.1 TABLE ACCESS FULL "D_MEASURE"                                    

         6.2 PARTITION RANGE ITERATOR                                         

           7.1 TABLE ACCESS BY LOCAL INDEX ROWID "F_LOS"                      

             8.1 BITMAP CONVERSION TO ROWIDS                                  

               9.1 BITMAP AND                                                 

                 10.3 BITMAP MERGE                                            

                   11.1 BITMAP KEY ITERATION                                  

                     12.1 BUFFER SORT                                         

                       13.1 TABLE ACCESS BY INDEX ROWID "D_PROPERTY"          

                         14.1 BITMAP CONVERSION TO ROWIDS                     

                           15.1 BITMAP AND                                    

                             16.1 BITMAP INDEX SINGLE VALUE "D_PROPERTY_IX10" 

                             16.2 BITMAP INDEX SINGLE VALUE "D_PROPERTY_IX08" 

                     12.2 BITMAP INDEX RANGE SCAN "F_LOS_IX03"                

                 10.1 BITMAP MERGE                                            

                   11.1 BITMAP KEY ITERATION                                  

                     12.1 BUFFER SORT                                         

                       13.1 TABLE ACCESS FULL "D_PROD_PERIOD"                 

                     12.2 BITMAP INDEX RANGE SCAN "F_LOS_IX02"                

                 10.2 BITMAP MERGE                                            

                   11.1 BITMAP KEY ITERATION                                  

                     12.2 BITMAP INDEX RANGE SCAN "F_LOS_IX04"                

                     12.1 BUFFER SORT                                         

                       13.1 TABLE ACCESS FULL "D_MEASURE"                     

Performance of the query improves substantially when a star transformation is used.  The number of logical reads has decreased from 26,319 to 4,478, a six-fold improvement.  The improvement in response time is even more impressive, dropping from 74 seconds to 1.2 seconds, a whopping sixty-fold change in performance.  This gain in performance is attributable to two primary sources.  First, the number of logical reads has been reduced because only rows in the fact table are accessed that will be in the final row set returned by the query.  The inefficient procedure of culling rows from the fact table through successive dimension table joins has been eliminated.  Unlike the conventional method that joins a single dimension to the fact table, the star transformation effectively joins all of the dimensions to arrive at a unique set of ROWIDs before accessing the fact table.  The second reason for the improvement is the prevalence of Boolean operations used in the star transformation.  These operations are much more efficient than the more resource consuming hash joins used to cull rows in the conventional execution plan.  

Basic Requirements

There are a number of requirements that must be met for star transformations to be considered by the optimizer.  Starting with the physical design of the star schema, the relationships between the dimension and fact tables must be created.  To accomplish this, a unique B*Tree index is created on each of the dimension keys in the dimension table and the primary key is then created on those columns.  Next, the foreign key constraints on each of the dimension key columns in the fact table are created.

It is not necessary for either the primary or foreign key constraints to be enabled.  The optimizer only requires that the relationship exist to generate a star transformation. For example, a foreign key could be created but disabled. Whether or not you choose to enable constraints depends largely upon the volume of data being loaded.  For small schemas such as the one above, that have small amounts of data loaded periodically, enabling the constraints adds a comfortable level of data integrity enforcement.  The author prefers this option whenever possible because it eliminates the need for writing, maintaining, and monitoring scripts to detect constraint violations.  The only disadvantage of this method is that the load cycle takes a bit more time to complete while the relationships are verified.  For large tables with high data volumes, disabling the constraints may be the only viable solution to achieve the desired throughput levels.  This is particularly true if direct path loads are used since enabled foreign key constraints are no longer even an option.  If constraints are disabled, then it is incumbent on the ETL tool to ensure that rows being loaded will have referential integrity.  To the uninitiated data warehouse developer or DBA, this may seem like a risky proposition, but it’s a common practice in large data warehouses.

The next requirement is the creation of indexes on the fact and dimension tables.  In both cases, bitmap indexes will be employed; more specifically, single column bitmap indexes.  Unlike OLTP schemas where query patterns are highly predictable, by their very nature, query patterns in decision support systems are highly unpredictable.  In these environments, multicolumn indexes are of limited value since end users may regularly submit queries without limiting conditions on the leading index column.  This results in inefficient index skip scanning which is inefficient when compared to single column bitmap indexes.  Unlike traditional join methods that only use one index per table in a join, star transformations have been designed to use as many indexes as there are limiting conditions on a table.   To accommodate this functionality, bitmap indexes should be created on each of the dimension key columns in the fact table, and each attribute in the dimension table on which end users might specify a limiting condition.  Don’t be surprised by the high number of indexes that are created on some dimension tables.  Dimension tables tend to have many columns, often over 100 and sometimes over 500.  Out of 100 columns, it is not uncommon to have between 25 and 50 bitmap indexes.  

On the fact table, local bitmap indexes are created.  Local indexes are more desirable than global indexes.  Local index partitions are very small compared with global indexes because each index partition corresonds to a single table partition.  Hence the local index depth will be shallower and more efficient than that of global indexes.  This results in faster index traversals to reach the leaf blocks.  The second reason is that global indexes greatly restrict data loading options.

In several in depth articles available at DBAzine.com, Jonathan Lewis wrote about bitmap index architecture and internals.  This is a good place to learn about all of their nuances.  Here, the author will simply point out some of the most significant differences between B*Tree and bitmap indexes.  First, because key and ROWID information is compressed at the leaf block level, the entire index usually occupies far less disk space than a corresponding B*Tree index.  Second, since there is less disk activity required to build out the smaller index structure, creation time is usually considerably less than the time required to create a corresponding B*Tree index.  Lastly, recall that B*Tree indexes don’t create an index entry for rows where all of the table columns that comprise the index have null values.  In contrast, bitmap indexes store a ROWID for every row in the table.  This is necessary to support the Boolean operations that occur during star transformations.  One positive side effect of this feature is that row counting queries on an indexed value will execute blazingly fast.  

It is necessary to have accurate table and index statistics for star transformations to operate at peak efficiency.  Having spent a considerable amount of time experimenting with many different permutations of gathering statistics using the ANALYZE command, and DBMS_STATS when migrating from Oracle version 8.1.7 to 9.2, the author has made several key observations.  These observations were gained after regressing several hundred star transformation queries in an effort to optimize overall database performance.  Performance between the best and worst case statistics caused response time to change by a nearly a factor of three.  First, the statistics generated by the ANALYZE command are different than those generated by DBMS_STATS.  By quite a margin, the best-case statistics generated by DBMS_STATS produced superior performance to the best-case statistics generated by the ANALYZE command.  The second observation is that although Oracle recommends sample sizes as small as 1%, execution plans improved significantly enough in many cases to warrant a minimum of a 10% sample.  And finally, computing histograms on all indexed columns lead to more uniform and predictable performance among similar queries.  A good starting place for DBMS_STATS is to create 10-bucket histograms on all indexed columns, sample at 10%, and use default granularity for both fact and dimension tables.

Database Configuration

Some database parameters must be set to enable and optimize star transformation performance.  Before doing so, review the star transformation bugs on Metalink for the version of the Oracle RDBMS being used.   Between versions 8.1.7.2 and 9.2.0.4, some bugs have been corrected while new ones have surfaced.  They are too diverse and numerous to discuss in this paper.  General examples of the bugs are wrong results returned by queries, poor performance, and queries failing with unhandled exceptions (ORA-600).  

Having worked extensively with star transformations for the past several years, the author has reached several conclusions about their current status.  First, it appears that the volume of bugs has increased over the last year, probably because of wider use in the data warehouse community.  This is a good thing since Oracle can’t fix a bug that havn’t been identified.  The second conclusion is that although there are still bugs in version 9.2.0.4, they are less severe than those encountered in earlier versions.  And third, the likelihood that star transformations will work properly is directly proportional to the complexity of the schemas and queries run against them.  Keep things as simple as possible to assure successful implementation.  

The parameter star_transformation_enabled directly controls whether or not star transformations will be considered by the optimizer.  The default value of false, disables the feature.  A value of true causes star transformations to be considered by the optimizer.  Besides the basic star transformation execution plan shown above, there are also a number of optimizations that the optimizer may apply to improve performance.  For example, suppose a particular dimension table is accessed in the first part of the query to determine a set of ROWIDs, and is accessed again in a join near the end of the process to retrieve columns values returned by the query.  When this access pattern occurs, Oracle may create a temporary table to house the rows and columns of interest from the dimension table and use it for both operations.  These temporary tables are created and dropped on the fly as the query executes.  Although they are transparent to the end-user, the temporary tables are visible in the execution plan stored in the plan table.  Use of these temporary tables can produce significant performance improvements.  

But some of the most egregious bugs are those associated with temporary table.  A typical workaround suggested on Metalink is to set the parameter to a value of temp_disable.  If no bugs are anticipated, set the parameter to a value of true for optimal performance.  For simplicity, the execution plan shown above was generated with a value of temp_disable.  The star_transformation_enabled parameter is session alterable.  

The hash_join_enabled parameter should be set to a value of true so that the optimizer will consider using hash joins.  The default value is false.  Hash joins are the most common join method used during star transformations because they are the most efficient method to join a small row source to a large one.  This parameter is also session alterable.

To optimize star transformation performance, it is desirable to perform all operations entirely in PGA or session memory.  The following four parameters control the amount of special use memory a session can allocate.  If more memory is required than the session is permitted to allocate, temporary disk segments are used to make up the shortfall.  Anytime disk is used instead of memory, response time will be slower simply because disk operations are several orders of magnitude slower than in-memory operations.  For each parameter, specify the maximum amount of memory in bytes that a session can allocate.  On OLTP systems, small values of 64K to 1M are usually sufficient.   On data warehouse instances where the ratio of host system memory to user sessions is usually very high, values on the order of 1MB, 10MB, 100MB, or even 250MB are reasonable if memory is available and they accomplish the goal.  In any case, it is prudent to monitor overall system memory usage after setting these parameters to make sure that host memory is not exhausted.

The sort_area_size parameter specifies the maximum amount of memory that a session can use for each sort operation.  The default value of 64K is too small for most data warehouse instances.   The companion parameter, sort_area_retained_size, specifies the maximum amount of memory a sort can occupy after the sort has completed, and another sort is in progress.  An example of when this pheonmena occurs is during merge joins, which requires two sorted row sets.  Another example is when multiple queries with aggregation functions are unioned together.  This parameter can usually be safely set to the same value as sort_area_size to optimize sort operations.  Both parameters are session alterable.

The bitmap_merge_area_size parameter controls the amount of memory available for performing the index sort and merge operations that are at the core of star transformations.  The default value is 1MB.  This parameter is neither session nor system alterable.

In Oracle 9.0, automatic PGA memory management was introduced using the pga_aggregate_target parameter.  When this feature is used, the above parameters are overridden.  In larger data warehouse environments, this results in signifcantly impaired performance of longer-running queries.  The fundamental problem with automatic PGA memory management is that it simply doesn’t use the high amounts of available memory.   It instead chooses to use large amounts of temporary disk space, which results in very long execution times.  For optimal star transformation performance, manual PGA memory management should be used along with the parameters discussed above.

Other Considerations

Temporary disk storage space will inevitably be required for very large joins, star transformations that create temporary tables, or when the Parallel Execution (PX) facility is employed.  Therefore, to optimize performance under these conditions, the temporary tablespaces should be optimized.  There are several steps that can be taken to accomplish this.  First, use a series of physical disks that will only be used for temporary tablespaces.  While this may waste considerable disk space since much may be unused, the benefits usually outweigh the cost.  Second, when creating temporary tablespaces, use the temporary clause in the create tablespace statement to create a locally managed temporary tablespace.  Locally managed tablespaces are more efficient than dictionary managed tablespaces, particularly when nonpersistent segments are created.  Larger uniform extent sizes in the range of 1MB to 16MB usually perform better than smaller ones because fewer allocation operations are required to satisfy the requested amount of storage space.  The performance of the disks and tablespace datafiles used for sorting should be reviewed and optimized periodically using a database performance analysis package such as Oracle Statspack.

Temporary segment usage can be monitored through v$tempseg_usage in Oracle 9 as shown in the following query.

SELECT s.sid, s.username, s.module, t.segtype, t.blocks, t.tablespace

  FROM v$tempseg_usage t, v$session s

  WHERE t.session_num = s.serial#;

  SID USERNAME     MODULE     SEGTYPE    BLOCKS TABLESPACE

----- ------------ ---------- --------- ------- ----------

   24 CORP         Sql*Plus   SORT        1,760 TEMP      

   86 SMITH419     Sql*Plus   SORT        1,620 TEMP      

   86 SMITH419     Sql*Plus   DATA          640 TEMP      

   91 WILEY219     LOAD_FCEN  HASH        6,144 TEMP      

   15 AMONT976     LOAD_FCEN  HASH        6,656 TEMP      

The segtype column indicates how each segment is being used.  Values of SORT and HASH indicate that the space is being used for sorting and hash joins respectively.  A value of DATA denotes that the sement is being used to store an on the fly temporary table.  Similar information is available in the v$sort_usage view in Oracle 8.1.

Another rather obscure feature that should be used in conjunction with bitmap indexes is the minimize records per block feature, which became available in Oracle 8.1.5.  An example of the syntax of this feature is shown in the following statement:

ALTER TABLE f_los MINIMIZE RECORDS_PER_BLOCK;

When this command is executed, Oracle calculates the maximum number of rows in any data block, and subsequently restricts the number of rows per block to this value.  The result is that bitmap indexes created on the table will be smaller than if the default value of nominimize is used.  The benefit is that less storage space will be used for bitmap indexes, and queries will execute faster because they must read fewer blocks from disk.  Before running the above command, no bitmap indexes can be present on the table, and the command cannot be run on an empty table.  This command can take a significant amount of time to execute on large tables.

Tuning Stubborn Queries

While Oracle continues to make meaningful strides in adding new optimizer features to achive better performance, there are always times when less than optimal execution plans result.  With star transformations, problematic queries often result when snowflake schemas are used.  Unlike the schema shown earlier that includes dimensions with collapsed hierarchies, snowflake schemas result when the hierarchies are represented by a series of relational tables.  The solution to this problem is to redesign the schema to utilize collapsed hierarchies.   

Another common problem occurs when the optimizer refuses to generate a star transformation even though all conditions appear to have been met.  This results in poorly performing execution plans similar to the first one discussed in this paper.  This problem occurred frequently in Oracle 8.1, but has improved considerably in Oracle 9.2.  The first possible solution is to add STAR_TRANFORMATION hints to the offending queries, which usually solves the problem.  However, this can be onerous if many queries are involved.  The second solution is to set the parameter _always_star_transformation = true.  When this parameter is set, any query that can use a star transformation will use one, as long as all of the above basic criteria have been met.  In Oracle 9.0 and later, this parameter cannot be set in either the parameter file or spfiles.  But the parameter can still be set at the session level by using the following statement.

ALTER SESSION SET “_always_star_transformation” = TRUE;

To cause this parameter to affect all sessions database wide, one must be a bit sneaky.  One effective method is to execute the statement from within a global logon trigger so that it set whenever a user logs onto the database.

If after all of the above prescriptions have been followed, the query execution plan is correct, and the query still performs slower than desired, then consider utilizing the Parallel Execution (PX) facility to improve performance.  Once the PX facility has been configured properly and tested at the instance level, simply increase the value of degree on the table to a suitable value, or use a parallel hint on the SQL statement in question.  

Summary

The star transformation is a powerful feature for querying dimensional data warehouses.  Unlike conventional join methods that can only join two tables at time, the star transformation effectively joins all of the dimension tables to arrive at a composite set of ROWIDs before accessing the fact table.  Oracle has enhanced the basic star transformation to greatly improve its performance.  Several areas within the database must be tuned to achieve optimal performance.  Parameters must be set to enable and optimize the various features used to perform the star transformation.  For optimal performance, the instance should be configured so that star tranformation can be performed entirely in memory.  Ultimately, some star transformations will use temporary space on disk, so it is also beneficial to optimize the performance of temporary tablespaces.  Once all of these steps are taken, optimal performance of star transformations will be assured.
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