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Introduction

The purpose of the optimizer is to determine the most efficient execution plan for your
queries. It makes these decisions based on the structure of the query, the statistical
information it has about your data, and by leveraging Oracle database features. After an
upgrade, the optimizer is expected to generate the same or a better performing execution
plan for most SQL statements. Still, it is possible that the optimizer may generate a sub-
optimal plan for some SQL statements in the new release compared to the prior release.
Determining the root cause of these plan-related performance regressions can be a
daunting task.

This paper aims to dispel the mystery that surrounds the optimizer and to prepare you to
upgrade from Oracle Database 10g to Oracle Database 11g. It will introduce the new
optimizer features, outline what steps you should take before and after the upgrade to
avoid performance regressions, related to plan changes that do occur. The paper is
divided into three sections:

1 The first section introduces the 11g optimizer features including statistics management.
1 The second section explains the pre-upgrade steps you need to take.

1 Finally, the third section covers what to expect after the upgrade and how to address
any performance regression caused by plan changes.
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New Optimizer and Statistics Features in 11g

Init.ora parameters

There are several new initialization parameters that govern the optimizer and its new features in
Oracle Database 11g. Below are the details on the new parameters.

OPTIMIZER_USE_INVISIBLE_INDEXES

In Oracle Database 11g a new featlfeccinvisible indexes was introduced. This feature allows

a DBA to create an index on a table without affecting any execution plan and thus not impacting
the performance of the application. An invisible index cannot be used by the optimizer as an
accespath to that table. In order to test such indexes as a potential access path, the DBA needs
to setOPTIMIZER_USE_INVISIBLE_INDEXES to TRUE (defaultFALSE) within a session, and

then execute any SQL statement that could benefit from using the indetstpadstmance.

If the index proves to be useful, the DBA can mark it visible; if it does not, it can be dropped
without impacting the performance of the application.

OPTIMIZER_USE_PENDING_STATISTICS

Traditionally, when optimizer statistics are gdiileey are published (written) immediately to

the appropriate dictionary tables and begin to bebystw optimizerHowever, in Oracle
Database 11g it is possible to gather optimizer statistics but not have them published
immediately. Instead of goimd¢pi theusualdictionary tables the statistics are stored in pending
tables so that they can be tested before they are published. A DBA can test these pending
statistics by doing an alter session command to set
OPTIMIZER_USE_PENDING_STATISTICSto TRUE Then they should run any SQL statements

they believe might beffectedby the new statistics. By testing the statistics before they are
published, the DBA gets an opportunity to prevent plan regressions that resutofrgptete

or incorrecstatistics.

More information on pending statistics can be found in the new features section below.

OPTIMIZER_CAPTURE_SQL_PLAN_BASELINES

In Oracle Database 11g a new feature called SQL Plan Management (SPM) has been introduced
to guarantees any plan changes that do deeawdr to better performancéVhen
OPTIMIZER_CAPTURE_SQL_PLAN_BASELINESs set toTRUE (default FALSE) Oracle will
automatically capture a SQL plan baseline for every repeatable SQL statement on the system.
The execution plan found at parse time will bedatidthe SQL plan baseline as an accepted

plan.
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More information on SPM can be found in the new features section below.

OPTIMIZER_USE_SQL_PLAN_BASELINES

Each SQL statement captured in SPM has a SQL plan baseline, which contains one or more
known or vefied execution plans. Whe@PTIMIZER_USE_SQL_PLAN_BASELINESS set to

TRUE (default) the optimizer will only use one of these known plans even if a different plan is
found during SQEcompilation This guarantedlat any plan change is verified to hauerbet
performance before using it.

SUMMARY OF NEW INIT.ORA PARAMETERS

PARAMETER NAME 11G DEFAULT VALUE
OPTIMIZER_USE_INVISIBLE_INDEXES FALSE
OPTIMIZER_USE_PENDING_STATISTICS FALSE
OPTIMIZER_CAPTURE_SQL_PLAN_BASELINES FALSE
OPTIMIZER_USE_SQL_PLAN_BASELINES TRUE

Changes to Optimizer statistics and the DBMS_STATS package

In Oracle 8i a new PL/SQL package, ca@ileds_STATSwvas introduced to gather and manage
optimizer statistichBMS _STATSi s Or acl eds preferred method
DBMS_STATSpackage has been extended in Oracle Database 11g to accommodate new types of
statistics and monitoring data that can now be collected. Changes have also been made to the
automatic statistigmthering job that is enabled by default in 11g.

New subprograms in the DBMS_STATS package

Setting preferences for parameter values used by the DBMS_STATS procedures

In previous releases you had to useBiMs_STATS.SET_PARMrocedure to change the default
value for the parameters used by LBMS_STATS.GATER_* STATS procedures. The scope
of any changes that were made was all subsequent opelatiorecle Database 11g, the

o
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DBMS_STATS.SET_PARMprocedure has been deprecated and it has been replaced with a set of
procedures that allow you to set a preferéor each parameter at a table, schema, database, and
gobal level.These new procedures are caliBellS_STATS.SET_* PREFSand offer a much

finer granularity of control. The list of parameters you can change are as follows:

AUTOSTATS_TARGET (SET_GLOBAPREFS only)
CASCADE

DEGREE

ESTIMATE_PERCENT

METHOD_OPT

NO_INVALIDATE

GRANULARITY

PUBLISH

INCREMENTAL

STALE_PERCENT

The SET_TABLE_PREFSprocedure allows you to change the default values of the parameters
used by theBMS_STATS.GATHER_*_STAT®rocedures for the specified table only.

The SET_SCHEMA_PREFBrocedure allows you to change the default values of the parameters
used by thedBMS_STATS.GATHER_* STATSrocedures for all of the existitaplesin the
specified schema. This procedure actalBsET TABLE_PREFSfor each of the tables in the
specified schema. Since it &35 TABLE_PREF<talling this procedure will not affect any new
objects created after it has been run. New objects will pick GOt preference  values

for all paramets.

The SET_DATABASE_PREFProcedure allows you to change the default values of the parameters
used by th®BMS_STATS.GATHER_*_STAT$®rocedures for all of the usbfined schemas in

the database. This procedure actuallyseallSABLE_PREFSfor each otthe tables in each of

the usedefined schemas. Since it U8B TABLE_PREFghis procedure will not affect any

new objects created after it has been run. New objects will pickauotiae preference

values for all parameters. It is also possibleltménthe Oracle owned schemas (sys, system,
etc) by setting theDD_SYSparameter tORUE

The SET_GLOBAL_PREF$rocedure allows you to change the default values of the parameters
used by theBMS_STATS.GATHER_*_STAT®rocedures for any object in théatlase that does

not have an existing table prefereddeparameters default to the global setting unless there is a
table preference set or the parameter is explicitly set GATRER* _STATS command.
Changes made by this proceduiteaffect any ne objects created after it has been run. New
objects will pick up the GLOBAL_PREF values for all parametersGMaitAL_PREFSt is

also possible to set a default value for one additional parameterwytakadT TARGETThis
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additional parameter coriravhat objects the automatic statistic gathering job (that runs in the
nightly maintenance window) will look after. The possible values for this parameter are
ORACLE andAUTO The default valueARTO

DBMS_STATS.GATHER*_STAT®beys the followinbierarchy for parameter values; parameter
values explicitly set in the command overrule everything. If the parameter has not been set in the
command, we check for a table level preference. If there is no table preference set, we use the
GLOBALpreference-or examplef you wanted to switch off histogram creation for the SALES
tablein the SH schema you can use:

BEGIN
DBMS_STATS.SETTABLE PREF S ( ¢S8LES',,' METHOD_OPT', 8FOR ALL COLUMN
1);
END;

Copying table statistics

Very often with partitionedites, a new empty partition will be added to the table and data will
begin to be loaded into it immediately. If the newly loaded data is queried before statistics can be
gathered for this partition, then the Optimizer will have to prorate its carditialiayes for

these queries. Prorated cardinality estimates can lead-agtirsab plans. By using
DBMS_STATS.COPY_TABLE_STATProcedure, it is possible to copy the statistics from one of

the other partitions in the table to the new partiti@olumn stistics (min, max, NDV,
histogram, etc), partition statistics (number of rows, blocks, etc) and statistics for local indexes
will be copied. The minimum and maximum values for the partitioning columns will be adjusted
to reflect the correct values for trev partitionin the following example, SALES_Q3_ 2000 is

the source partition and SALES_Q4 2000 is the target partition.

BEGIN
DBMS_STATS COPY_TABLE_STATS( 6 SH6 , 6 S/SALES @3_2000,
'SALES_Q4_2000', FORCE=>TRUE );

END;

Extended statistics

In realworld data, there is often a relationship or correlation between the data stored in different
columns of the same table. For example, inCth&TOMERSable, the values in the
CUST_STATE_PROVICEolumn are influenced by the values irCtheNTRY_IDcolumn, ashe

state of California is only going to be found in the United States. Until now, the Optimizer had
no real way of knowing about these-weald relationships and could potentially miscalculate
the selectivity if multiple columns from the same tablesark in the where clause of a
statement. With extended statistics you now have an opportunity to tell the Optimizer about
these realorld relationships.

By creating statistics on a group of columns, the Optimizer can be given a more accurate
selectivityguideline for the columns used together in a where clause of a SQL statement. Not all

S|

z



Oracle White Paper—Upgrading from Oracle Database 10g to 11g: What to expect from the Optimizer

of the columns in the column group need to be present in the SQL statement for the Optimizer

to use extended statistics; ondy subset of the columnds necessary. Use
DBVIS_STATS.CREATE_EXTENDED_STATS define the column group you want to have statistics
gathered on as a whole. Once the group has been established Oracle will automatically maintain
the statistics on that column group when statistics are gathered da.the tab

SELECT DBMS_STATEREATE_EXTENDED_STATS(null,'customers’,
‘(country_id, cust_state_province)");
FROM dual;

After creating the column group, you will see an additional column, with egepstated
name, iruser_tab_col_statistics table. Thisiew column represents the column group.

It is also possible to create extended statistics for an expfiestidimgfunctiors), as it is

difficult for the Optimizer to estimate the cardinality of a where clause predicate that has
columrs embedded insidexpressian For example, if it is common to have a where clauses
predicateJPPER(LastName)=:B1 , then it would be beneficial to create extended statistics for
UPPER(LastName).

BEGIN
DBMS_STATSATHER_TABLE_STATS(null,'customers',method_opt =>

'for al | columns size skewonly for columns(upper(cust_last_name)));
END;

Incremental Statistics for Partitioned Tables

Gathering statistics on partitioned tables consists of gathering statistics at both the table level and
partition level. Prior to Oracle Dassb 11g, adding a new partition or modifying data in a few
partitions required scanning the entire table to refreshetadistatistics. Scanning the entire
tablecan bevery expensivas partitioned tables are generally very.|bigeever, in Oracle
Database 119 this issue has been addressed with the introdinttiemehtal global statistics.
Typically with partitioned tables, new partitions are added and data is loaded into these new
partitions. After the partition is fully loaded, partition a8étics need to be gathered and the
global statistics need to be updated to reflect the new dataNtfRE®IENTAL preference for

the partitioed table is set tORUE and theDBMS_STATSGRANULARITYparameter is set to

AUTQ Oracle will gather stdiis on the new partition and update the global table statistics by
scanning only those partitions that have dddad omodified and not the entire table. Below

arethe steps necessary to use incremental global statistics.

BEGIN
DBMS_STATSET_TABLE PREFS( 6 SHO6, 6 SINCREBENTA , 6 TRUEDS) ;
END;

BEGIN
DBMS_STATS. GATHER_TABLE_STATS(6SH®6, 6 SALESDS
END;
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Incremental Global Stats works by storiegn@pdiar each partition in the table. A synopsis is
statistical metadata for that partition and therecwun the partition. Each synopsis is stored in

the SYSAUX tablespace and takes approxin28@{yB. Global statistics are generated by
aggregating the synopses from each partition, thus elintireatiegd to scan the entire table to
gather table levstatistic{seeFigure 1) When a new partition is added to the table you only
need to gather statistics for the new partition. The global statistics will be automatically updated
by aggregating the new partition synopsis with the existing pastiipees

1. Partition level stats are
gathered & synopsis created

2. Global stats generated by
aggregating partition
synopsis

Global
Statistic

v

EREE IR o Sysaux Tablespace

Figure 1 Incremental Global Statistics

Comparing Statistics

When it comes to deploying a new application or application module it is standard practice to
test and tune the application in a test environment befomatved to production. However,

even with testing it is possible that SQL statements in the application will have different
execution plans in production then they did on the test system. One of the key reasons an
execution plan can differ from one systemnother (from test and production) is because the
optimizer statistics on each system are different. In Oracle DatadpaRelehse 2, the
DIFF_TABLE_STATS_* functions can be used to compare statistics for a table from two
different sources. The statistcan be from:

1 A user statistics table and current statistics in the dictionary
1 A single user statistics table containing two sets of statistics that can be identified using statids
1 Two different user statistics tables

1 Two points in history
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1 Current stistics and a point in history
1 Pending Statistics with the current statistics in the dictionary
1 Pending Statistics with a user statistics table

The function also compares the statistics of the dependent objects (indexes, columns, partitions).
The functiondisplays statistics for the object(s) from both sources if the difference between the
statistics exceedsspecifiedthreshold. The threshold can be specified as an argument to the
function; the default value is 10%. The statistics corresponding & swifce will be used as

the basis for computing the differential percentage.

In the example below, we compare the current dictionary statisticsefiaPtable with the
statistics foOEMPIn thestatisticdableTAB1; the SQL statement will generatepmrtlike output
on the screen.

SQL> select report, maxdiffpct from
table( DBMS_STATSDI FF_TABLE_STATS_I N_STATTAB(6SCOTTG6, 6EMPG6, 6 TA

Locking partition level statistics

In previous releases you could lock statistics for a table or a scherstatiGtice are locked,

no modifications can be made to those statistics until the statistics have been unlocked. In Oracle
Database 11g theBMS_STATSpackage has two new procedures for locking and unlocking
statistics at the partition level. These additiprocedures allow for a finer granularity of
control.

BEGIN
DBMS_STATSLOCK_PARTI T1 ON_STATS ('SABESE06Q362680Q8'L)E S 6 ,
END;

Pending Statistics

As discussed in the previous section, it is now possible to gather optimizer statistics but not have
them published immediately. To activate pending statistics you need to use
DBMS_STATS.SET_* PREFSprocedure to change value of the parameter PUBLISHROm

(default) tarALSE for the object(s) you wish to create pending statistics for.

BEGIN
DBMS_STATSET _TABLE_PREFS(6SHO6, 6SALESS, 6PUBLI SHO6, 6FALSED) ;
END;

Then simple gather statistics on the object(s) as normal.

BEGIN
DBMS_STATSGATHER_TABLE_STATS(6SHO6, 6SALESY) ;
END;

The statistics gathered for these objeats be displayed usitige dictionaryviews called
USER_* PENDING_STATSThese statistics can be tested by issuing an alter session command to
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set the initialization paramet®TIMIZER_USE_PENDING_STATS0 TRUEand running the
necessary queri€nce you are happy with the pending statistics ypulz#h them using the
new procedurBUBLISH_PENDING_STATS

BEGIN
DBMS_STATSPUBLI SH_PENDI NG_STATS(6SHb®6, 6SALESDY) ;
END;

New Sampling Algorithm

It is critical to provide the Optimizer with accurate statistics and traditionally the most accurate
statisticare gathered when all rows in the table are processeevergatheringstatisticdy

doing a full scan dérger tables extremely time consuming and is rarely an option for most
customers. In fact most customers use sampling to gather statisege@ges quickly. But

without detailed testing, it is difficult to know the sample size to use to get accurate statistics. In
the past, Oracle has tried to additbss issueby introducingAUTO_SAMPLE_SIZE With
AUTO_SAMPLE_SIZEOracle would automatigalbdeterminethe sample size to givgood

statistics. HoweveAUTO_SAMPLE_SIZzEhad an Achilles heé¢hie sample size determined by
AUTO_SAME_SIzEmay be inaccurate for computing statistien there is an extreme skew in

the data. In Oracle Database Tgamplinglgorithm has been completely rewritten. The new
algorithm is hash based and provides deterministic statistics, which have the accuracy of
computing the statistics but with the speed of a 10% sample. This new algorithm is used when
estimate_pe rcent iS  AUTO_SAMPLE_SIZE (default) in any of the
DBMS_STATS.GATHER_* STATProcedures.

Automatic statistics gathering job

Oracle will automatically collect statistics for all database objects, which are missing statistics or
have stale statistics by rmgnan Oracle AutoTask during a predefined maintenance window
(10pm to2amweekdays arthm to 2anat the weekends).

This AutoTask gathers optimizer statistics by calling the internal procedure
DBMSSTATS.GATHER_DATABASE_STATS_JOB_PROThis procedure ofges in a very similar
fashion to theDBMS_STATS.GATHER_DATABASE_STATS8ocedure using th@eATHER AUTO

option. The primary difference is that Oracle internally prioritizes the database objects that
require statistics, so that those objects, which mosupaated statistics, are processed first.

You can verify that the automatic statistics gathering job exists by viewing the
DBA_AUTOTASK_CLIENT_JOBiew:

SELECT client_name, status
FROM DBA_AUTOTASK_TASK
WHERE client_name like ‘auto optimizer %',

Statigts on a table are considered stale when morsTthal PERCENTdefaultl0%) of the
rows are changed (total # of inserts, deletes, updates) in the table. Oracle monitors the DML
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activity for all objects and records it in the SGA. The monitoring intrnefperiodically
flushed to disk and is exposed in th&b* modifications view.

SELECT TABLE_NAME, INSERTS, UPDATES, DELETES
FROM USER_TAB_MODIFICATIONS;

It is also possible to manually flush this data by t¢adipgcedure
DBMS_STATS.FLUSH_MONITRING_INFO.

The automatic statistigathering job uses the default parameter values fDBNtSe STATS
procedures. If you wish to change these default values you can use the
DBMS_STATS.SET_GLOBAL_PREF®rocedure. Remember these values will be used for all
schemas svy¥dcl Tdi oY B _gERCENTYEU can use

BEGIN
DBMS_STATS.SET_GLOBAL_PREFSXTALE PERCENT','5);
END;

If you already have a weditablished statistics gathering procedure or if for some other reason
you need to disable autoimadtatistics gathering altogether, the most direct approach is to
disable th&ATHER_STATS_JORs follows:

BEGIN
DBMS_AUTO_TASK_ADMIN.DISABLE(
client_name => 'auto optimizer stats collection’,
operation => NULL,
window_name => NULL);
END;

If you choose to switch off the automatic statistics gathering job for your main application
schema, consider leaving it on for the dictionary tables. You can do this by changing the value of
AUTOSTATS_TARGEID ORACLHNstead oAUTOUSINGDBMS_STATS.SE_GLOBAL_PREFS

SQL Plan Management

Execution plan stability has always been somewhat of a holy grail in the optimizer space and
several features have been introduced in previous releases to improve it, such as Stored Outlines
and SQL Profileslowever, tese methods would also prevent the optimizer from finding better
plans when data volume chanlyeQracle Database 11g plan stability has been addressed once
and for all with the introduction of SQL Plan Management (SPM).

SQL plan management (SPM) ersstirat runtime performance will never degrade due to the
change of an execution plan. To guarantee this, only accepted (trusted) execution plans will be
used; any plan will be tracked and evaluated at a later point in time and only accepted as verified

10
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if the new plamerforms better than an accepted.pB@L Plan Management has three main
components:

1. SQL plan baseline capture:

Repeatablg 000 '_ . §

statement

Create SQL plan baselines that represents accepted execution plans for all relevant SQL
statements. The SQL plan baselines aredsin a plan history dide the SQL
Management Base in $sAUXablespace.

SQL plan baseline selection

Ensure that only accepted execution plans are used for statements with a SQL plan
baseline and track all new execution plans in the history terreestas unaccepted

plan. The plan history consists of accepted and unaccepted plans. An unaccepted plan
can be unverified (newly found but not verified) or rejected (verified but not found to
performant).

SQL plan baseline evolution
Evaluate all unvegfi execution plans for a given statement in the plan history to
become either accepted or rejected.

SYSAUX

Tablespace QL Management Base

Belineé?.
dn
&

Plan waiting
tP be verified

Figure 2 SQL Management base, consisting of the statement log and plan histories for repeatable SQL Statements.

11
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SQL plan baseline capture

For SPM to work, you must first seed the SQL Management Base with the execution plans,
which will become the SQL plan baseline for each statement. There are two different ways to
populate a SQL Management Base:

1 Automatic capture

1 Bulk load

Automatic capture - “on the fly”

Automatic capture can be switched on by setting the init.ora parameter
OPTIMIZER_CAPTURE_SQL_PLAN_BASELINESto TRUE (default FALSE. When automatic

capture is enablethe SPM repository will be automatically populatezhjorepeatable SQL
statement. To identify repeatable SQL statements, the optimizer will log the identity (SQL
Signature) of each SQL statement into a statement log the first time it is compiled. If the SQL
statement is processed again (executed or a)nipéig@oresence of its identity in the statement

log will signify it to be a repeatable statement. A SQL plan history will be created for the
statement, which will include information used by the optimizer to reproduce the current
execution plan, such & tSQL text, outline, bind variables, and compilation envirofiment.
currentexecutiorplan will be added as the first SQL plan baseline and this plan will be marked
as accepted. Only accepted plans will be used; if some time in the future a fewnpldaris

this SQL statement, the execution plan will be added to the plan history and will be marked for
verification. It will only be marked accepted if its performance is better than that of a plan
chosen from the current SQL plan baseline.

Bulk Load

Bulk loading of execution plans is especially useful when a database is being upgraded from a
previous version to Oracle Daaab 11g or when a new application is being deployed. Bulk
loading can be done in conjunction with, or instead of, automatic plan capture. Execution plans
that are bulk loaded are automatieegdto create new SQL plan baselines or to add to an
existingopne The new SQL plan baselines are marked as acthpt&DL Management Base

can be bulk loaded using four different techniques:

1. Populate the execution plans for a given SQL Tuning Set (STS)
2. Populate the execution plans from Stored Outlines

3. Use the exaution plans currently in the Cursor Cache

4. Unpack existing SQL plan baselines from a staging table

More information on using bulk loading during upgrade can be found in the Preparing to
Upgrade Section.

12



Plans can
be manually
evolved or
verified at
any time or
you can
schedule a
database
job to run
the evolve

process.

Oracle White Paper—Upgrading from Oracle Database 10g to 11g: What to expect from the Optimizer

SQL Plan Baseline Selection

Each time a SQL statem&ntompiled, the Optimizer first uses the traditionabaesed search
parameter
OPTIMIZER_USE_PLAN_BASELINESIs set toTRUE(default) then before the cost based plan is

method to build a besbst plan. If the initialization

executed the optimizerwillr y t o find a matchi

ng

pl an

i n the

this is done as dmemory operation, thus introducing no measurable overhead to any
application. If a match is found then it proceeds with this plan. Otherwise, if no match is found,
thenewly generated plan will be added to the plan history; it will have to be verified before it can
be accepted as a SQL plan baseline. Instead of executing the newly generated plan the optimizer
will cost each of the accepted plans for the SQL staterdeiclathe one with the lowest cost

(note that a SQL plan baseline can have more than one verified/accepted plan for a given
statement). However, if a change in the system (such as a dropped index) causes all of the
accepted plans to become -meproducite, the optimizer will use the newly generated cost

based plan.

SQL Plan Baseline Evolution

When the optimizer finds a new plan for a SQlestent, the plan is added to the plan history

as a noraccepted plan that needs to be verified before it can become an accepted plan. It is
possible to evolve a SQL statement ds
running the commarithe functionDBMS_SPM.EVOLVE_SQL_PLAN_BASELINEIsing either of

these methods you have three choices:

1. Accept the plan only if it performs better than the existing SQL plan baseline

2. Accept the plan without doing performance verification

execut i

3. Run the performance cparison and generate a report without evolving the new plan.

If you choose option 1, it will trigger the new plan to be evaluated to see if it performs better
than a selected plan baseline. If it does, then the new plan will be added to the SQIineJan basel
as an accepted plan. If not the new plan will remain in the plan history-ascepted plan

but its LAST_VERIFIED attribute will be updated with the current timestamp. A formatted text
report is returned by the function, which contains the apgoitsmed by the function as well

as siddy-side display of performance statistics of the new plan and the original plan.

More information on SQL Plan Management can be found in the Preparing to Upgrade section.

Adaptive Cursor Sharing (Bind Peeking)

13

SQ

on



With
Adaptive
Cursor
Sharing a
Statement
with binds
can have
multiple
execution

plans

Oracle White Paper—Upgrading from Oracle Database 10g to 11g: What to expect from the Optimizer

Oracle introduced the bind peeking feature in Oracle 9i. With bind peeking, the Optimizer peeks
at the values of usdefined bind variables on the first invocation afrsoc. This allows the
optimizer to determine the selectivity of any WHERE clause condition as if literals have been
used instead of bind variables, thus improving the quality of the execution plan generated for
statements using bind variables.

However, lhere was a problem with this approach, when the column used in the WHERE clause
with the bind contained a data skew. If there is data skew in the column, it is likely that a
histogram has been created on this column during statistics gathering. Whierniztepgeks

at the value of the usgefined bind variable and chooses a plan, it is not guaranteed that this
plan will be good for all possible values for the bind variable. In other words, the plan is
optimized for the peeked value of the bind varibibienot for all possible values.

In Oracle Database 11g, the optimizer has been enhanced to allow multiple execution plans to be
used for a single statement that uses bind variables. This ensures that the best execution plan will
be used depending on thiad value.

A cursor will be marked bind sensitive if the optimizer believes the optimal plan may depend on
the value of the bind variable. When a cursor is marked bind sensitive, Oracle monitors the
behavior of the cursor using different bind valuedgeteymine if a different plan for different

bind values is called for. A cursor is typically marked bind sensitive, because there is a histogram
on the column with the bind variable. Since the presence of the histogram indicates that the
column is skewedifferent values of the bind variable may call for different plans.

If a different bind value is used in a subsequent execution, it will use the same execution plan
because Oracle initially assumes it can be shared. However, the execution sthisstiesvfor t

bind value will be recorded and compared to the execution statistics for the previous value. If
Oracle determines that the new bind value caused the data volumes manipulated by the query to
be significantly different it "adapts" its behavior gahbasame plan is not always shared for

this query. Hence a new plan will be generated based on the new bind value and the cursor is
marked bingaware.

A bindaware cursor may use different plans for different bind values, depending on how

selective thpredicates containing the bind variable are. Note that the original cursor generated
for the statement will be discarded when the caindtwhego bind aware mode. This is a-one

time overhead. The cursor is marked as not shaigail@dable  in V$sSQLis "N"), which

means that this cursor will be among the first to be aged out of the cursor cache, and that it will
no longer be used.

When another new bind value is used, the optimizer tries to find a cursor it thinks will be a good
fit, based on simil&yiin the bind value's selectivity. If it cannot find such a cursor, it will create a
new one. If the plan for the new cursor is the same as an existing cursor, the two cursors will be
merged to save space in the cursor cache. And the selectivity rématecfosor will be
increased to include the selectivity of the new bind. This will result in one cursor being left
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behind that is in a not shareable state. This cursor will again be aged out if there is crowding in
the cursor cache, and will not be deeéuture executions.

SQL Test Case Builder

If you ever need to contact Oracle Support about a SQL issue obtaining a reproducible test case
is the single most important factor to ensure a speedy resolution. This can also be the longest and
most painful €p. A new tool called the SQL Test Case Builder has been introduced in Oracle
Database 11g to help customers to gather as much information as possible relating to a SQL
incident and package it up ready to send to Oracle. This package of informatiow will al
developer at Oracle to reproduce the problem standalone on a different Oracle instance and
resolve the issue sooner. You can access the SQL Test Case Builder through Oracle Enterprise
Manager or theL/sQL packag®BMS_SQLDIAGThere are two procedwsrrelating to SQL Test

Case BuildepBMS_SQLDIAG.EXPORT_SQL_TESTCASEhich enables you to export a SQL test

case for a given SQL statement into a given directory and
DBMS_SQLDIAG.IMPORT_SQL_TESTCASRvhich enables you to import a given SQL test case

from a given directory

To use SQL Test Case Builder, create an Oracle directory pointing to OS directory where the
output files will go.

SQL> CREATE DIRECTORY EXPDP AS ‘/scratch/mcolgan/spm/tc’;

Then call thebBMS_SQLDIAG.EXPORT_SQL_TESTCASmckage and passhe directory you
just created and ti8®L_ID for the statement in question. You will also need to supply a name
for the testcase; in this example we chose tc.

DECLARE tc clob;

BEGIN
DBMS_SQLDIAG.EXPORT_SQL_TESTCASE(
DIRECTORY=>'EXPDP',

SQL_ID=>'aq alrOca84rsl',

TESTCASE=>tc);

END;

After callingEXPORT_SQL_TESTCASKou will find several trace, dump and .sql files in the
specified directory, along witRBADME.txt . You should create a single compressed file from
this directory and upload it to ©l& Support. For security reason, the user data is not exported
by default. You have the option toes@brtData  to TRUEto include the data.

New Cost-Based Transformations

Oracle transforms SQL statements using a variety of sophisticated techniggegiehyri
optimization. The purpose of this phase of query optimization is to transform the original SQL
statement into a semantically equivalent SQL statement that can be processed more efficiently.

15
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In Oracle Database 11g, several newbessid transforations were introduced. We discuss
below three of these transformations.

Group-By Placement

Group-by placement allows the optimizer to rewrite queries in order to minimize the number of
rows necessary for subsequent joins by performing thebgropprabn before some of the

joins. For example, consider a query shown below.

SELECT p.prod_id, sum(s.quantity_sold)

FROM Products p, Sales s

WHERE p.prod_id = s.prod_id

GROUP BY p.prod_id;

In Oracle Database 10g the optimizer would have chosen a @iagitonof a hash join
followed by a group by for this query.

I Id | Operation | Mame | Rows | Bytes |TempSpcl Cost (XCPUII Time | Pstart] Pstop
I 0 | SELECT STATEMENT | I 860 | 113Kl | 54 (B)1 (00001 | | |
I 1 1 HASH GROUP BY | I 8960 | 113K1  2Rdk| B4 (G)1 (00001 | | |
I* 2 1 HASH JOIM | I 860 1 113Kl | 15 (731 0zo0z01 | | |
I 31 PARTITION RAMGE ALLI I 860 | 7ESO | | 5 (01 Qo001 | 11 16
I 41 TRELE ACCESS FULL | SALES I 860 | 7ES0 | | 5 (031 00001 | 11 16
I 51 TRELE ACCESS FULL | PRODUCTS | ¥BB | 8EGSE | | 9 o) oooool | | |

In Oracle Database 11g the Optimizer can transform this query to perform thkygroup
operation before the join. The statement will be rewritten as follows:
SELECT V.sumv, p.prod_id
FROM Products p,

(SELECT sum(s.quantity_sold) as sumv, s.prod_id

FROM Sales s

GROUP BY s.prod_id) V

WHERE V.prod_id = p.prod_id

By rewriting the statement, the group by will now happens inside the view (VW_GBC _5 in the
plan below) thus reducing the nunmidferows that must be processed by the hash join between
SALESandPRODUCTS

II_'u:I | Operation | Mame | Rows | Bytes ITempSpcl Cost (ZCPUNL Time | Pstart| Pstop |
I 0 | SELECT STATEMENT | | VBB | 7K1 | B3 (B o000l | |

I 11 HASH GROUF BY | [ 7K1 120K] 52 (B) 0ozl | |

I# 21 HASH JOIN | | VBB | 7K1 | 17 (1831 o0s00s0l | |

I 31 VIEW | VW_GBC_5 | VBB | 13788 | | 70290 o000 | |

I 41 HASH GROUF BY | | VEE | E128 | | 7029 o000zl | |

I 51 PARTITION RANGE ALLI | 960 | VEBO | | 5 (0} o000 | 11 16

I B TRELE ACCESS FULL | SALES | 860 | VEE0 | | 5 (O} o000zl | 11 16

I 7 TAELE ACCESS FULL | PRODUCTS | ¥BE | BEGGE | | 9 (0) o000 | |
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Extended Join Predicate Push Down

In previous releases when you had a SQL statement where a view V and a table T were joined by
a join predicate T.x = V.y, the Optimizer haly bmo possible join methods, a hash join or a
sort merge join to join T and V.

In Oracle Database 10g, we introduced the join predicate push down transformation, which
enabled the optimizer to push the join predicate into the view. So the join T.esovhgd

T.x = T2y (where T2 is the table inside view V, which has the column y in it) thereby opening
up the possibility of using a nedtaaps join if an index is present on T2.y.

In Oracle Database 11g the join predicate push down capabilities iaxéebeed to include
group by, distinct, aftin, and serjoins. For the following query;

SELECT p.prod_id, vl.row_count

FROM products p,
(SELECT s.prod_id, count(*) row_count
FROM sales s
WHERE s.quantity_sold BETWEEN 1 AND 47
GROUP BY s.prod_id) v1

WHERE p.supplier_id =12

AND p.prod_id = v1.prod_id(+);

Although join predicate push down exists in Oracle Database 10g we can not use it due to the
group by. In the 10g we see the view v1 being evaluated followed by a hash join to the
PRODUCT®ables.

| IdTI Operation | Hame | Rows | Bytes | Cost (XCPUDI Time | Pstart!| Pstop |
| 0 | SELECT STATEMEMT | | B[ 210 | 7908301 00000l | | |
I* 1 | HASH JOIW OUTER | | E 1 210 | 73 (B3I 000001 | | |
I* 2 | TRBELE ACCESS FULL | PRODUCTS | B | 54 | 9 (0)] o000l | | |
I 31  VIEW | | 7EE | 1991E | B9 (92)1 oozooz0l | | |
I 4] HASH GROUP BY | | VBB | 6128 | B9 (9331 00000l | | |
[ PARTITION RAMGE ALLI (I o = g (03 00000l | 11 16 |
I* B | TABLE ACCESS FULL | SALES | 100kl FE1RI o (03 ooeno:0L | 11 16 |

However, in 11g join predicate pushdown has become possible and we are now taking advantage
of the index on the sales table to do a némsted join instead of a hash join. The cost of the
new plan has come down from 79 to 28 because of join predgtatewn.

'y

I Id | Operation | MName | Rows | Bytes | Cost (ECPUII Time | Pstart! Pstop |
I 0 | SELECT STATEMENT | | 61 132 | 28 (41 00m0:01 | | |
I 1 | HESTED LOOPS OUTER | | 61 132 | 28 (41 00m0:01 | | |
I* 2|  THBLE ACCESS FULL | PRODUCTS | gl 54 | 9 (03 0000201 | | |
I 31 VIEW PUSHED PREDICATE | | 11 13 | 30003 0000:01 | | |
I* 4| FILTER | | | | | | | |
I 5 SORT AGGREGATE | | 11 a1 | | | |
I* B | TAELE ACCESS BY CLOBAL INDEX ROMIDI SALES I 100kl 7ElK| 3603 00:00:01 | ROWID | ROWID |
1* 7 INIEYX RAMGE SCAN | SALES_PROD_IND | 11 | 1 (03 0000201 | | |
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Null-Aware Anitjoin

A SQL statements that contains a NOT IN or NOT EXISTS subquery can often be rewritten
into a query containing an goth. An antijoin produces matches if the key from table on the
left hand side has no matches in thie tab right hand side. Unnesting such a subquery can

provide an order of magnitude performance improvement. For example
SELECT C.CUST_ID, C.CUST_FIRST_NAME, C.CUST_LAST_NAME

FROM CUSTOMERS C

WHERE C.CUST_ID NOT IN (SELECT ST.CUST_ID

FROM SALES_TRANSACTIONS_EXT ST
WHERE ST.UNIT_PRICE < 15);

If the columns C.CUST_ID or ST.CUST_ID are nullable (allows a null value), then the
Optimizer cannot unnest the subquery in Oracle Database 10g using the existing (regular) anti
join. Therefore, the execution plan effectively becomes a Cartesian product.

| Id | Operation | Mame | Bows | Bytes | Cost (ECPUY | Time

I O | SELECT STHTEMENT | | BE29 | 12838 | B39 (1)1 O0z00:08
I* 11 FILTER | | | | |

I 21 TRBELE ACCESS FULL | CUSTOMERS I B30 | 13860 | 5o (0] o000l
I*# 3 | EXTEEMAL TABLE ACCESS FULLI SALES_TRANSACTIONS_EXT | 11 26 1 2 (0] oozo0ol

In Oracle Database 11g, a new variant ofjcamti callednullaware anjpin, has been
introduced; this allows the Optimizer to unnest the subquery, which means several new jo
methods are possible including nektegs join, a hash join or a sortrge join. In this
example the 11g plan uses a hash join but in the execution plan it appeass aol

RIGHT ANTI NA , wher e 0 NAGaward. Hatedhat the plan cms ¢ome down

from 639 to 38.

| Id | Operation | Mame | Rows | Bytes | Cost (HCPUII Time |
I 0 | SELECT STATEMENT | I 323 | 1BGog | 38 (1)1 o000l |
I* 1 1 HASH JOIN RIGHT AWTI MA | I 323 | 1BGog | 38 (1)1 o000l |
I* 2 1 EXTERMAL TRELE ACCESS FULLI SALES_TRAMSACTIOMS_EXT | 408 | 10608 | 3201031 0s0o:nl |
I 21 TARBLE ACCESS FULL | CUSTOMERS I B30 | 13860 | O (0 0000l |

Preparing to Upgrade

Undertaking a database upgrade is a daunting task for any DBA. Once the database has been
successfully upgraded you run the gauntlet of possible database behavior changes. On the top of
every Dd pdestial bahavior changes are execution plan changes. In order to easily
detect these changes, and rectify any execution plans that may have regressed, you need to have a
very good understanding of the execution plans and Optimizer statistics lyeforeagou

began the upgrade. You also neetk$d your applications against the new release before
upgrading your production system.

18



Oracle White Paper—Upgrading from Oracle Database 10g to 11g: What to expect from the Optimizer

Capturing existing Execution plans

With the introduction of SQL Plan Management (SPM) in 11g you have an adktipmeait sa

to ensure execution plans do not chaffigethe upgrade. In order to take full advantage of this

safety net, you need to capture your existing execution plans before you upgrade so they can be
used to seed SPM.

Using SQL Tuning Sets

If you haveaccess to SQL Tuning Sets (STS) in the diagnostics pack then this is the easiest way

to capture your existing 10g execution plans. An STS is a database object that includes one or

more SQL statements along with their execution statistics, executionacohtbgir current

execution plan. An STS in Oracle Database 10gR1 will not capture the execution plans for the

SQL statements so it candt be used to seed SPM.

To begin you will need to create a new STS. Youtlwands this through Oracle Enterprise
Manager (EM) or using theMs_SQLTUNBgackage. In this example we willDE@S_SQLTUNE
BEGIN
SYS.DBMS_SQLTUNE.CREATE_SQLSET (
sqlset_name =>'SPM_STS',
description => '10g plans');
END;

Once the ST®as been created you need to populate it. You can populate an STS from the
workload repository, another STS, or from the cursor cache. In this case we will capture the SQL
statements and their execution plans from the cursor cache. Thissgep pwoess. In the
first step we create a ref cursor to select the specified SQL from the cursor cache (in this case all
non sys SQL statements). Then we use that ref cursor to populate the STS.
DECLARE
stscur dbms_sqltune.sqlset_cursor;
BEGIN
OPEN stscu r FOR
SELECT VALUE(P)
FROM TABLE(dbms_sqltune.select_cursor_cache(
O6parsing_schema_name <> 0060SYS060660,
null, null, null, null, 1, null, ‘ALL")) P;

-- populate the sqlset
dbms_sqltune.load_sqglset(sqglset_name  =>'SP M_STS,
populate_cursor => stscur);
END;

Using Stored Outlines

I f you dondt have access to SQL Tuning Sets you
Stored OutlinesThere are two ways to capture Stored Outlinegayoaither manually create
one for each SQL statement usingdREATE OUTLINEcommand or let Oracle automatically

19



Oracle White Paper—Upgrading from Oracle Database 10g to 11g: What to expect from the Optimizer

create a Stored Outline for each SQL statement that is executed. Below are the steps needed to
let Oracle automatically create the Storelin@sifor you.

1. Starta new session ansksuethe following command to switch on the automatic
capture of a Stored Outline for each SQL statement that gets parsed from now on until
you explicitly turn it off.

SQL > ALTER SYSTEM set CREATE_STORED_OUTLINES=OLDPLAN;

NOTE: Ensure that theiser forwhichthe Stored Outlineare to be creatduhsthe
CREATEANYOUTLINEpr i vi | ege. | f they dondt the Stored

2. Now execute your workload either by running your application or manuallys{3&uing
statements. NOTE: if you manually issue the SQL statements ensure you use the exact
SQL text used by the application, if it uses bind variables you will have to use them too.

3. Once you have executed your critical SQL statements you should turausfnitaeic
capture by issuing the following command:

SQL > ALTER SYSTEM set CREATE_STORED_OUTLINES=false;
4. To confirm you have captured the necessary Stored Outlines issue the following SQL
statement.
SQL> SELECT name, sql_text, category FROM user_outlines;
NOTE: Each Stored Outline shouldvethe OLDPLAN category.

5. The actual Stored Outlines are stored in the OUTLN schema. Before you upgrade you
should export this schema as a backup.

exp outln/outln file=soutline.dmp owner=outin rows=y

Note: If you are noplanning on doing an-place upgrade you will have to move the STS or
Stored Outlines to the Oracle Database 11g system.

Capturing existing Optimizer Statistics

Before doing the upgrade you need to capture the current set of optimizer statistitsis€ou wil

this set of statistics after the upgrade until the system is stable. You want to change as little as
possible during the upgrade in order to make it easier to diagnose any changes that may occur.
Since statistics have the biggest impact on thezeptitris advisable for them to stay constant

during the upgrade. The best way to keep a backup of the statistics is to export a complete set of
Optimizer statistics into a statistics table DERMF_STATS.EXPORT_* STATS

Begin by creating the statseabl

BEGIN
DBMS_STATS.CREATE_STATS_TABLE('SYS''MY_STATS_TABY);
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END;
/

Then export the statistics for your critical schemas and select a stats_id to make it easy to identify
your 10g statistics.

BEGIN

DBMS_STATS. EXPORT_SCHEMA_STATS(6SH&taM¥OBTATS TAB',6 610g
END;

/

Finally as an extra precaution, export the stats table as a backup.

Testing your application

It is absolutely vital that you test your complete application on Oracle Database 11g before you
upgrade. Testing will give you an insightviti@t might change after the upgrade and provide

you an opportunity to test your safety net (SPM). There is always the potential you will miss a
critical SQL statement when you gather your 10g plans, doing a full application test will give you
a chance toomfirm you captured everything you need.

If your application currently uses optimizer hints then it is advisable to test the application, in
Oracle Database 11g, without the hint. Typically hints are added to a statement or an application
to work around dimitation or problem encountered in an earlier version of the Optimizer.
Often we find removing the hints gives better execution plans in newer releases of the database.
The easiest way to test without hints is to set the under score pa@PTEBZER_IGNORE_

HINTS to TRUE

pre- I

Before you upgrade your production system to Oracle Database 11g you must collect and save
the following pieces of information to ensure you have a clear baseline that can be used for
future comparison if the @@ arises.

1. Gather Instancwide performance statistics from the Production database (during peak load
times). These Instanaéde performance statistics include:

a. Statspack or AWR data and reports. You will need hourly reports for at least 7 days.
By defali, AWR will take hourly snapshots that automatically capture the execution
plans for the top SQL statement and these reports will be retained for the last 8
days. However if you have changedsSth&TISTICS_LEVEL parameter or the
retention level you mayetkto change them back to default at least a week before
the upgrade. If you are using Statspack, you will need to configure it to take level 7
shapshots so you can collect segment statistics and plan information.

b. OS statistics including CPU, memory an(sl@h asar, vmstat, iostat )

21

































