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Richõs Overviewé 

Å Advisor to Rolta International Board 

Å Former President of TUSC 
ð Inc. 500 Company (Fastest Growing 500 Private Companies)  

ð 10 Offices in the United States (U.S.); Based in Chicago 

ð Oracle Advantage Partner in Tech & Applications 

Å Former President Rolta TUSC & President Rolta EICT International  

Å Author (3 Oracle Best Sellers ð #1 Oracle Tuning Book for a Decade): 
ð Oracle Performing Tips & Techniques (Covers Oracle7 & 8i) 

ð Oracle9i Performance Tips & Techniques 

ð Oracle Database 10g Performance Tips & Techniques 

Å Former President of the International Oracle Users Group 

Å Current President of the Midwest Oracle Users Group 

Å Chicago Entrepreneur Hall of Fame - 1998 

Å E&Y Entrepreneur of the Year & National Hall of Fame - 2001 

Å IOUG Top Speaker in 1991, 1994, 1997, 2001, 2006, 2007 

Å MOUG Top Speaker Twelve Times 

Å National Trio Achiever award - 2006 

Å Oracle Certified Master & Oracle Ace Director 

Å Purdue Outstanding Electrical & Computer and Engineer - 2007 



Technology is Everywhereé 
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How Much Data é  

Å2004 monthly internet traffic >1E; 2010 it was 21E/month. 

ÅIn 2012, 2.5E data created every day (about 1Z=1000E per year) 

ÅJune 2012 ð Facebook has 100P Hadoop cluster 

ÅFacebook: 500T processed daily ð (210T/hr DWHSE scanned) 

ÅA Single Jet Engine ð 20T/hour ðsame rate as Facebook! 

ÅGmail has 450 million users 

ÅWal-Mart ð 1 million customer transactions/hour (2.5P DB) 

ÅLarge Hadron Collider produced 13P in one year 

ÅBusiness data doubles every 1.2 years  

Å19% of $1B companies have >1P of data (31% in 2013) 

Å2011 ð First Exabyte tape library from Oracle 

ÅDecoding Human Genome took 10 yrs; Now takes a week! 
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Audience Knowledge / Versions 

ÅOracle7 Experience ? 

ÅOracle8i Experience ? 

ÅOracle9i Experience ? 

ÅOracle10g Experience? 

ÅOracle Database 11g R2 Experience? 

ÅOracle Database 12c Experience? 

 

ÅGoals 
ðPresent NEW features in an EASY way 

ðFocus on a few nice features of Oracle12c 

ÅNon-Goals 
ðLearn ALL aspects of Oracle12c  

ðLearn Tips that will make you an expert 
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Overview ð 12c 

Å Know the Oracle! 

Å Start Me Up ð Using Memory Target, The Buffer Cache & The Result Cache 

Å Invisible Columns (12c) & virtual columns (11g) 

Å Multiple indexes on the same Column (12c) & Invisible Indexes (11g) 

Å Adaptive Execution Plans (12c) & Adaptive Cursor Sharing & Bind Peeking (11g) 

Å Runaway query Management (12c) 

Å Change Table Compression at import Time (12c) & (Partition Compression ð 11g) 

Å Create Views as Tables (12c) 

Å Online Move Partition (12c) & Interval Partitioning (11g) 

Å Partial Indexes for Partitioned Table (12c) 

Å Pluggable Databases (12c) 

Å Enhanced DDL Online (12c) 

Å Exadata and Big Data (In-Database MapReduce in 12c) 

Å Consolidated Database Replays & Better Reporting (12c)  

Å Automatic Diagnostics Repository (12c) 

Å Security Enhancements (12c) 

Å Other 12c New Features  



 Know the Oracle 
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Oracle Firsts ð Innovation! 

      1979 First commercial SQL relational database management system 
1983 First 32-bit  mode RDBMS 
1984 First database with read consistency 
1987 First client-server database 
1994 First commercial and multilevel secure database evaluations 
1995 First 64-bit  mode RDBMS 
1996 First to break the 30,000 TPC-C barrier 
1997 First Web database 
1998 First Database - Native Java Support; Breaks 100,000 TPC-C 
1998 First Commercial RDBMS ported to Linux  
2000 First database with XML  
2001 First RDBMS with Real Application Clusters & First middle-tier database cache  
2004 First True Grid Database 
2005 First FREE Oracle Database (10g Express Edition)  
2006 First Oracle Support for LINUX Offering  
2007 Oracle 11g Released!   

     2008 Exadata V1 Server Announced (Oracle buys BEA) 
     2009 Oracle buys Sun ï Java; MySQL; Solaris; Hardware; OpenOffice 
     2010 Oracle announces MySQL Cluster 7.1, Exadata, Exalogic, Americaôs Cup Win 
     2011 X2-2 Exadata, ODA, Exalytics, SuperCluster, Big Data, Cloud, Social Network  
     2012 X3-2 Exadata, Expanded Cloud Offerings, Solaris 11.1   
     2013 Oracle12c Released!  Oracle X3-8 Exadata, Acquisitions (Acme Packetéetc.)! 



Testing the Future Version 
 

Version 12.1.0.0.1 of  the Database 
Version 11.2.0.1.0 of the Database for 11g R2 Examples 
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Oracle Database 12c Release 1: 

Upgrade Paths  

Source Database Target Database 

10.2.0.5 (or higher) 12.1.x 

11.1.0.7 (or higher) 12.1.x 

11.2.0.2 (or higher) 12.1.x 

Source Database Upgrade Path for 

Target  Database 

Target Database 

7.3.3.0.0 (or lower) 7.3.4.x --> 9.2.0.8  11.2.x 

8.0.5.0.0 (or lower) 8.0.6.x --> 9.2.0.8  11.2.x 

8.1.7.0.0 (or lower) 8.1.7.4 --> 9.2.0.8  11.2.x 

9.0.1.3.0 (or lower)  9.0.1.4 --> 9.2.0.8  11.2.x 

Direct Upgrade Path 

In-Direct Upgrade Path 
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Database Upgrade Assistant 

(DBUA)  

ÅMore automation during the upgrade process 

ÅAdditional validation steps (also for on-line) 

ÅPost upgrade more automated as well 

ÅBetter status as to specific component success 

ÅPost upgrade fix-it scripts to help automate 

future needs 

ÅParallel upgrade takes advantage of multiple 

CPU cores 

ÅExpress Edition Upgrade to others (since 11g) 
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Database Upgrade Assistant 

(DBUA)  

ÅDBUA checks before the upgrade: 
ÅInvalid user accounts or roles 

ÅInvalid data types or invalid objects 

ÅDe-supported character sets 

ÅAdequate resources (rollback segments, tablespaces, and 
free disk space) 

ÅMissing SQL scripts needed for the upgrade 

ÅListener running (if Oracle Enterprise Manager Database 
Control upgrade or configuration is requested) 

ÅOracle Database software linked with Database Vault 
option. If Database Vault is enabled, Disable Database 
Vault before upgrade. 
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The New Version ð Life is Good! 

$ sqlplus ***/***  

 

SQL*Plus: Release 11.1.0.6.0 - Production on Tue Oct 30 11:21:04 2007 

Copyright (c) 1982, 2007, Oracle.  All rights reserved. 

 

Connected to: 

Oracle Database 11g Enterprise Edition Release 11.1.0.6.0 - Production 

With the Partitioning, OLAP, Data Mining and Real Application Testing options 

 
SQL> startup 

ORACLE instance started. 

Total System Global Area  422670336 bytes 

Fixed Size                              1300352 bytes 

Variable Size                      306186368 bytes 

Database Buffers               109051904 bytes 

Redo Buffers                         6131712 bytes 

 

Database mounted. 

Database opened. 



MEMORY_TARGET  

& 

Automatic Memory Management 
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     Automatic Memory Management (AMM) 

MEMORY_TARGET in 11g 

ÅFirst there was some Automatic Memory Mgmt - 9i 

ðSGA_MAX_SIZE introduced in 9i ð Dynamic Memory 

ðNo more Buffers ð DB_CACHE_SIZE 

ðGranule sizes introduced - _ksm_granule_size 

ÅThen came SGA_TARGET ð 10g 

ðOracle Applications recommends setting this for SGA 

ðSet minimums for key values (Data Cache / Shared Pool) 

ÅNow there is MEMORY_TARGET ð 11g 

ðSGA + PGA all in one setting; Still set minimums 
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SGA, PGA, MEMORY_TARGET, 

and Database Smart Flash Cache 
(cache multiple devices w/o volume manager) 

Database 
Smart 
Flash 
Cache 

Database Smart Flash Cache (Solaris/Oracle Linux) ð L2 cache set 2-10x SGA: 

DB_FLASH_CACHE_FILE = /dev/ sda , /dev/ sdb , /dev/ sdc  

DB_FLASH_CACHE_SIZE = 32G, 32G, 64G  
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Automatically sized SGA Components that 

Use SGA_TARGET 

Component Initialization Parameter 

Fixed SGA  None 

Shared Pool SHARED_POOL_SIZE 

Large Pool  LARGE_POOL_SIZE 

Java Pool  JAVA_POOL_SIZE 

Buffer Cache DB_CACHE_SIZE 

Streams Pool STREAMS_POOL_SIZE 
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Manually Sized SGA (use SGA_TARGET) 

PGA_AGGREGATE_LIMIT (New 12c) 

Component Initialization Parameter 

Log buffer  LOG_BUFFER (pfile only since 10g) 

Keep Pool  DB_KEEP_CACHE_SIZE 

Recycle Pool DB_RECYCLE_CACHE_SIZE 

Block caches DB_nK_CACHE_SIZE 
 

Program Global Area (now in MEMORY_TARGET): 

Aggregate PGA PGA_AGGREGATE_TARGET (11g) 

New PGA Limit PGA_AGGREGATE_LIMIT (12c) 



19 

Moving from SGA_TARGET to: 
MEMORY_TARGET (set minimums)  

ALTER SYSTEM SET SGA_TARGET=200M;  

ALTER SYSTEM SET PGA_AGGREGATE_TARGET=100M;  

ALTER SYSTEM SET PGA_AGGREGATE_LIMIT=140M;  

 

SQL> sho parameter target 

 

NAME                                   TYPE        VALUE 

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

memory_max_target               big integer  360M 

memory_target                      big integer  360M 

pga_aggregate_target              big integer  100M 

sga_target                               big integer  200M 
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Performance ð Memory Advisors 

20 20 
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Tuning Tools ð FYI Only 

DBMS_XPLAN 

ÅUse DBMS_XPLAN to query the execution plan 
ðAutomatically queries the last plan in PLAN_TABLE 

ðuses a TABLE() function with another pipelined function 

ðOperation text truncation might be a problem 

ðWill give additional information after plan 
ÅHighlight filter vs join conditions, if plan table is current 

ÅDisplays warning message of old version plan table is being used 

ðIn 11g, a procedure for SQL Plan Baselines (weõll cover these later).   

DBMS_XPLAN.DISPLAY_SQL_PLAN_BASELINE (  

        sql_handle   IN VARCHAR2 := NULL,  

        plan_name  IN VARCHAR2 := NULL,  

        format        IN VARCHAR2 := 'TYPICAL')   <ôBASICõ/õALLõ> 

RETURN dbms_xplan_type_table;  



22 

Tuning Tools ð FYI Only 

DBMS_XPLAN  

DBMS_XPLAN Example: 
Select *  

from table ( dbms_xplan.display );  
 
PLAN_TABLE_OUTPUT 

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

 

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

| Id  | Operation            |  Name         | Rows  | Bytes | Cost  | Pstart | Pstop  |  

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

|   0 | UPDATE STATEMENT     |               |   328 |  2296 |     2 |       |       |  

|   1 |  UPDATE              | JOURNAL_LINE  |       |       |       |       |       |  

|   2 |   PARTITION RANGE ALL|               |       |       |       |     1 |     4 |  

|   3 |    TABLE ACCESS FULL | JOURNAL_LINE  |   328 |  2296 |     2 |     1 |     4 |  

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

Note: cpu  costing is off, 'PLAN_TABLE' is old version  

11 rows selected  



Tuning Tools ð FYI Only 

DBMS_XPLAN  

Select *  

from table (dbms_xplan.display);  
 

PLAN_TABLE_OUTPUT 

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

Plan hash value: 1363101372  

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

| Id  | Operation         | Name     | Rows  | Bytes | Cost (%CPU)| Time     |  

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

|   0 | SELECT STATEMENT  |          |    14 |   728 |     2   (0)| 00:00:01 |  

|   1 |  TABLE ACCESS FULL| EMP_RICH |    14 |   728 |     2   (0)| 00:00:01 |  

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

Note  

-----  

 

PLAN_TABLE_OUTPUT 

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

   -  dynamic sampling used for this statement (level=2)  

 23 



The Virtual Column 
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The Virtual Column  

ÅThe value of the virtual column is a derived expression. 
ðCan be derived from columns of the same table or from constants 

ðCan include SQL or user-defined PL/SQL functions 

ÅVirtual column DATA is NOT PHYSICALLY STORED. 

ÅYou CAN NOT explicitly write to a virtual column 

ÅYou CAN create a PHYSICAL index (result is function-
based index) or partition on a virtual column <unlike a 
computed column in SQL Server or other databases> 

ÅIf you UPDATE columns of a virtual column and it has an 
index, then it will be computed on the UPDATE vs. on the 
SELECT (very important from a tuning standpoint). 

ÅIndex Organized and External Tables can NOT have virtual 
columns. 
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The Virtual Column 

create table emp_rich 

  (empno number(4), 

   sal   number(7,2), 

   yearly_sal generated always as (sal*12), 

   deptno number(2)); 
 

Table created. 

 

insert into emp_rich(empno, sal, deptno) 

                 select empno, sal, deptno from scott.emp; 
 

14 rows created. 
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The Virtual Column 

select * from emp_rich; 

 

 EMPNO       SAL YEARLY_SAL     DEPTNO 

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

        7369        800                  9600                 20 

        7499       1600                19200                30 

        7521       1250                15000                30 

        7566       2975                35700                20 

        7654       1250                15000                30 

        7698       2850                34200                30 

... 



Invisible Columns 
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 Invisible Columns 

ÅThe new 12c feature allows you to hide columns 

Å If a user or developer selects ALL columns from a table (i.e. select *é) 

the invisible columns will NOT be displayed. 

Å If a user specifically selects the invisible column (i.e. select salary,é) the 

column WILL be displayed in the output (you have to know itõs there). 

ÅYou can set column(s) to be visible/invisible with an alter table : 

 

SQL> ALTER TABLE EMPLOYEE MODIFY (SSN INVISIBLE ); 

Table altered. 
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 Invisible Columns 

 Example ð Simple EMP SELECT 

SELECT *  

FROM EMP 

WHERE SAL > ANY 

   (SELECT SAL  

    FROM EMP 

    WHERE DEPTNO=30) 

AND DEPTNO=10 

ORDER BY SAL DESC; 

  

     EMPNO ENAME      JOB         MGR HIREDATE   DEPTNO        SAL  COMM 

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

      7839 KING       PRESIDENT       17 - NOV- 81      10       5000  

      7782 CLARK      MANAGER    7839 09 - JUN- 81      10       2450  

      7934 MILLER     CLERK      7782 23 - JAN- 82      10       1300  

Both SAL & COMM columns displayed above! 
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 Invisible Columns 

 Example ð sal/ comm to invisible 

alter table emp modify (sal invisible , comm invisible );  

Table altered .  

 

SELECT *  

FROM EMP 

WHERE SAL > ANY 

   (SELECT SAL  

    FROM EMP 

    WHERE DEPTNO=30) 

AND DEPTNO=10 

ORDER BY SAL DESC; 

  

     EMPNO ENAME      JOB         MGR HIREDATE   DEPTNO  

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

      7839 KING       PRESIDENT       17 - NOV- 81      10  

      7782 CLARK      MANAGER    7839 09 - JUN- 81      10  

      7934 MILLER     CLERK      7782 23 - JAN- 82      10  

 

 No SAL or COMM columns displayed above! 
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 Invisible Columns 

 Example ð sal invisible but selected 

SELECT SAL, JOB, ENAME,DEPTNO  

FROM EMP 

WHERE SAL > ANY 

 (SELECT SAL  

  FROM EMP 

  WHERE DEPTNO=30) 

AND DEPTNO=10 

ORDER BY SAL DESC; 

  

       SAL JOB       ENAME       DEPTNO  

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

      5000  PRESIDENT KING            10  

      2450  MANAGER   CLARK           10  

      1300  CLERK     MILLER          10  

 

SAL column IS displayed since I specifically SELECTED it.  
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 Invisible Columns 

 Example ð sal/ comm to visible 

To turn it back to being visible): 

ALTER TABLE EMP MODIFY (SAL VISIBLE , COMM VISIBLE );  

Table Altered.  

 

Note: This is not for heavy security; there are other ways to achieve that: 

Å You  can use column level security using Oracle's VPD (Virtual Private 

Database) to create a policy function and apply the policy function to our table, 

so that it does NOT display certain rows for a given deptno, BUT ONLY 

when the salary and/or COMM columns are selected.  So all rows displayed 

when I DON'T choose SAL and/or COMM and all rows EXCEPT deptno 10 

when I DO choose the SAL and/or COMM columns.  

Å You could also use TDE (Transparent Data Encryption) to encrypt the data 

for a given column.  This is part of Oracle's Database Advanced Security 

Options and has certain restrictions. 
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The Result Cache 

ÅFunction Results of queries and query fragments can be 
cached in memory for future executions. 

ðChoose calculations that frequently run 

ðChoose data that does NOT frequently change 

ÅRESULT_CACHE  & RELIES_ON clauses 

ÅTakes its memory from the Shared Pool 

ðSet with RESULT_CACHE_MAX_SIZE 

ðRESULT_CACHE_MODE=force (auto/manual) 

ÅDBMS_RESULT_CACHE.FLUSH to clear 

ÅIs NOT passed between RAC/Grid nodes 

ÅCheck the docs for other Restrictions & Rules!! 
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Result Cache Performance  

Example Query (1M Row Test) 

select *  

from (select * 

          from (select t.country_name, t.city_name,  

                       sum(t.salary) a_sum, max(t.salary) a_max 

                    from emps t 

                    group by t.country_name, t.city_name) 

                    order by a_max desc)  

where rownum < 2; 
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Result Cache  

Example Performance 

Step 1 - In Session 1-  

Executed query without hint and it returned an elapsed 

time of 3.80 seconds (not cached). 

 

Step 2 - In Session 2 ð  

Executed query without hint and it returned an elapsed 

time of  3.20 seconds (not cached). 
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Result Cache  

Example Performance 

Step 3 - In Session 2 

Executed query with the RESULT_CACHE hint and it 

returned an elapsed time of 3.18 seconds (cache it). 

 

Step 4 - In Session 1 

Executed query without the RESULT_CACHE hint, 

but with RESULT_CACHE_MODE=force and it 

returned an elapsed time of 0.86 seconds (cached!!). 
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Result Cache Example Query 

From the Oracle Docs 

ÅThe RELIES_ON Clause specifies tables or views 
that the Function Results are dependent on. 

 

-- Package specification  

CREATE OR REPLACE PACKAGE HR IS  

   ...  

   type DeptInfoRec IS RECORD (avgSal NUMBER,  

                                                       numberEmployees NUMBER);  

-- Function declaration  

   FUNCTION GetDeptInfo (dept_id NUMBER) RETURN DeptInfoRec  

   RESULT_CACHE;  

   ...  

END HR;  
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Result Cache Example Query 

From the Oracle Docs 

PACKAGE BODY HR IS  

   ...  

   -- Function definition  

   FUNCTION GetDeptInfo (dept_id NUMBER) RETURN DeptInfoRec  

        RESULT_CACHE RELIES_ON (EMP) ;  

   IS  

        result DeptInfoRec;  

   BEGIN SELECT AVG(sal), count(*) INTO result  

                    FROM EMP  

                 WHERE deptno = dept_id;  

                RETURN result;  

   END;  

   ...  

END HR;  
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The Result Cache ð V$ Views 

ÅV$RESULT_CACHE_STATISTICS ð Displays 

the amount of memory to help you determine 

memory currently allocated to the result cache.  

 

Other V$ views: 

ÅV$RESULT_CACHE_MEMORY 

ÅV$RESULT_CACHE_OBJECTS 

ÅV$RESULT_CACHE_DEPENDENCY 
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The Result Cache ð FYI Only 

Digging Deeper 

KSPPINM                                KSPPSTVL KSPPDESC  

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

_result_cache_auto_execution_threshold 1        result cache auto execution  

                                                threshold  

 

_result_cache_auto_size_threshold      100      result cache auto max size allowed  

_result_cache_auto_time_threshold      1000     result cache auto time threshold  

 

_result_cache_block_size               1024     result cache block size  

 

_result_cache_bypass                   FALSE    bypass the result cache  

 

_result_cache_hash_buckets             1024     hash bucket count  

 

_result_cache_invalid                  0        post - invalidation usage allowance  

 

_result_cache_max_result               100      maximum result size as percent  

                                                of cache size  

 

_result_cache_remote_expiration        0        maximum life time (min) for any  

                                                result using a remote object  

 

_result_cache_timeout                  60       maximum time (sec) a session  

                                                waits for a result  



The Invisible Index 

http://mysticmountainmagic.hypermart.net/Juggling/juggling.htm
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The Invisible Index 

ÅSet an index to VISIBLE or INVISIBLE 

ðALTER INDEX idx1 INVISIBLE;  

ðALTER INDEX idx1 VISIBLE; 

ðCREATE INDEX... INVISIBLE; 

ÅGreat to turn off indexes for a while when you think 
theyõre not being used, but BEFORE you drop them. 

ÅCan NOT  use INDEX (to override invisibility) anymore, 
but CAN use NO_INDEX (to turn off visible indexes). 

ÅThe index IS MAINTAINED during DML  

ÅGreat for testing! 
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The Invisible Index 

create index deptno_invisible_idx on dept_rich(deptno) invisible; 
Index created. 

 

select count(*) from dept_rich where deptno = 30; (doesnõt see the index) 

 
COUNT(*) 

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

            512 

 
Execution Plan  

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

Plan hash value: 3024595593  

 

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

| Id  | Operation          | Name      | Rows  | Bytes | Cost (%CPU)| Time     |  

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

|   0 | SELECT STATEMENT   |           |     1 |     2 |     4   (0)| 00:00:01 |  

|   1 |  SORT AGGREGATE    |           |     1 |     2 |            |          |  

|*  2 |   TABLE ACCESS FULL| DEPT_RICH  |   512 |  1024 |     4   (0)| 0:00:01 |  

--------------------------------------------------------------------------------  
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The Invisible Index (set visible) 

alter index dept_rich_inv_idx visible; 
Index altered. 
 

select count(*) from dept_rich where deptno = 30; 
(it does see the index) 
 

COUNT(*) 

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

            512 

 
Execution Plan  

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

Plan hash value: 3699452051  

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

| Id  | Operation         | Name              | Rows  | Bytes | Cost (%CPU)| Time     |  

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

|   0 | SELECT STATEMENT  |                   |     1 |     2 |     1   (0)| 00:00:01 |  

|   1 |  SORT AGGREGATE   |                   |     1 |     2 |            |      |  

|*  2 |   INDEX RANGE SCAN| DEPT_RICH_INV_IDX  |   512 |  1024 |1 (0)| 00:00:01 |  

---------------------------------------------------------------------------------------  
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The Invisible Index (set visible) 

select /*+ no_index(dept_rich dept_rich_inv_idx) */ count(*) 

from  dept_rich 

where deptno = 30; (forces not using the index with hint) 

 
  COUNT(*) 

---------- 

       512 

 
Execution Plan  

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

Plan hash value: 3024595593  

 

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

| Id  | Operation          | Name      | Rows  | Bytes | Cost (%CPU)| Time     |  

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

|   0 | SELECT STATEMENT   |           |     1 |     2 |     4   (0)| 00:00:01 |  

|   1 |  SORT AGGREGATE    |           |     1 |     2 |            |          |  

|*  2 |   TABLE ACCESS FULL| DEPT_RICH  |   512 |  1024 |     4   (0)| 0:00:01 |  

--------------------------------------------------------------------------------  
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The Invisible Index (check it) 

alter index dept_rich_inv_idx invisible; 

Index altered.  
 

select  index_name, visibility 

from  dba_indexes  (or go to USER_INDEXES) 

where index_name = 'DEPT_RICH_INV_IDXô; 

 

INDEX_NAME                 VISIBILITY 

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

DEPT_RICH_INV_IDX    INVISIBLE 

 



Multiple Types of Indexes on 

the Same Column 
(Using the Invisible Index even more) 

http://mysticmountainmagic.hypermart.net/Juggling/juggling.htm
http://mysticmountainmagic.hypermart.net/Juggling/juggling.htm
http://mysticmountainmagic.hypermart.net/Juggling/juggling.htm
http://mysticmountainmagic.hypermart.net/Juggling/juggling.htm
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Multiple Types of Indexes 

on the Same Column(s) 

ÅCreate MORE than one index on a column 

ÅSet only ONE index to VISIBLE 

ÅOk to have ONE + any Function Based Index (exception) 

ÅGreat to use different types of indexes for batch, query, or 
data warehousing at different times. 

ÅSome restrictions applyéfor a give column(s) 

ðYou can not create a B-tree AND B-tree cluster index 

ðYou can not create a B-tree and an index-organized table (IOT) 

ÅAll indexes ARE MAINTAINED during DML  

ðDML could be slow if TOO MANY indexes are created 

ÅGreat for variable workloads! 
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Multiple Types of Indexes 

on the Same Column(s) 

 

SELECT * FROM DEPT;  

  

    DEPTNO DNAME      LOC  

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

        10 ACCOUNTING NEW YORK 

        20 RESEARCH   DALLAS  

        30 SALES      CHICAGO  

        40 OPERATIONS BOSTON 

  

Basic SELECT to DEPT Table: 
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Multiple Types of Indexes 

on the Same Column(s) 

create unique index dept_unique1 on dept(deptno);  

Index created.  

  

insert into dept(deptno) values (10);  

insert into dept(deptno) values (10)  

*  

ERROR at line 1:  

ORA- 00001: unique constraint (SYS.DEPT_UNIQUE1) violated  

Create Unique Indexé Can NOT insert duplicate! 
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Multiple Types of Indexes 

on the Same Column(s) 

alter index dept_unique1 invisible;  

Index altered.  

  

SQL> insert into dept(deptno) values(10);  

insert into dept(deptno) values(10)  

*  

ERROR at line 1:  

ORA- 00001: unique constraint (SYS.DEPT_UNIQUE1) violated  

  

Make Index Invisibleé Still can NOT insert duplicate! 
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Multiple Types of Indexes 

on the Same Column(s) 

select a.table_name, a.index_name,    

       b.column_name, a.uniqueness, a.visibility  

from   user_indexes a, user_ind_columns b  

where  a.index_name = b.index_name  

and    a.table_name = óDEPTó; 

 

TABLE_NAME INDEX_NAME      COLUMN_NAME  UNIQUENESS   VISIBILITY  

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

DEPT       DEPT_UNIQUE1    DEPTNO       UNIQUE       INVISIBLE  

  

Check the Indexes Views - Index is Invisible 
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Multiple Types of Indexes 

on the Same Column(s) 

alter index dept_unique1 visible;  

Index altered.  

  

select a.table_name, a.index_name,    

       b.column_name, a.uniqueness, a.visibility  

from   user_indexes a, user_ind_columns b  

where  a.index_name = b.index_name  

and    a.table_name = óDEPTó; 
  

TABLE_NAME INDEX_NAME      COLUMN_NAME  UNIQUENESS   VISIBILITY  

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

DEPT       DEPT_UNIQUE1    DEPTNO       UNIQUE       VISIBLE  

Make Index Visible again:  
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Multiple Types of Indexes 

on the Same Column(s) 

create index dept_normal  on dept( deptno );  

create index dept_normal  on dept( deptno )  

                                 *  

ERROR at line 1:  

ORA- 01408: such column list already indexed  

  

 

 

alter index dept_unique1 invisible;  

Index altered.  

 

create index dept_normal  on dept( deptno );    

Index created.  

Make FIRST Index Invisible & can now create SECOND index:  
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Multiple Types of Indexes 

on the Same Column(s) 

select a.table_name, a.index_name,    

       b.column_name, a.uniqueness, a.visibility  

from   user_indexes a, user_ind_columns b  

where  a.index_name = b.index_name  

and    a.table_name = óDEPTó; 

 

TABLE_NAME INDEX_NAME      COLUMN_NAME  UNIQUENESS   VISIBILITY  

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

DEPT       DEPT_UNIQUE1    DEPTNO       UNIQUE       INVISIBLE  

DEPT       DEPT_NORMAL     DEPTNO       NONUNIQUE    VISIBLE  

  

Check the Indexes Views ï TWO Indexex on the same column: 
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Multiple Types of Indexes 

on the Same Column(s) 

alter index dept_unique1 visible;  

*  

ERROR at line 1:  

ORA- 14147: There is an existing VISIBLE index defined on 

the same set of columns.  

  

 

Only ONE index may be visible at a time  

(except function-based indexes) 

Try to make both Indexex Visibleé ERROR! 



58 

Multiple Types of Indexes 

on the Same Column(s) 

select deptno    

from   dept  

where  deptno=10;  

   

DEPTNO 

------  

    10 

  

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

| Id  | Operation        | Name        | Rows  | Bytes | Cost (%CPU)| Time     |  

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

|   0 | SELECT STATEMENT |             |     1 |    13 |     1   (0)| 00:00:01 |  

|*  1 |  INDEX RANGE SCAN| DEPT_NORMAL |     1 |    13 |     1   (0)| 00:00:01 |  

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

 

alter index dept_normal invisible;  

Index altered.  

 

Despite a unique index thatôs invisible, uses visible index only: 
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Multiple Types of Indexes 

on the Same Column(s) 

create index dept_reverse  on dept( deptno ) reverse;   

Index created.  

 

select a.table_name , a.index_name ,    

       b.column_name , a.uniqueness , a.visibility  

from   user_indexes  a, user_ind_columns  b 

where  a.index_name  = b.index_name  

and    a.table_name  = óDEPTó; 

 

TABLE_NAME INDEX_NAME      COLUMN_NAME  UNIQUENESS   VISIBILITY  

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

DEPT       DEPT_UNIQUE1    DEPTNO       UNIQUE       INVISIBLE  

DEPT       DEPT_REVERSE    DEPTNO       NONUNIQUE    VISIBLE  

DEPT       DEPT_NORMAL     DEPTNO       NONUNIQUE    INVISIBLE  

  

Make FIRST TWO Indexes Invisible & create THIRD index:  
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Multiple Types of Indexes 

on the Same Column(s) 

alter index dept_reverse  invisible;  

Index altered.  

 

create bitmap index dept_bitmap on dept( deptno );  

Index created.   

 

create index dept_fb  on dept( substr (deptno,1,1));  

Index created.  

 

 

OK to Create TWO VISIBLE indexes if one is a Function-Based Index! 

Now I create a Bitmap Index & Function-Based Index:  
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Multiple Types of Indexes 

on the Same Column(s) 

select a.table_name , a.index_name ,    

       b.column_name , a.uniqueness , a.visibility  

from   user_indexes  a, user_ind_columns  b 

where  a.index_name  = b.index_name  

and    a.table_name  = óDEPTó; 

 

TABLE_NAME INDEX_NAME      COLUMN_NAME  UNIQUENESS   VISIBILITY  

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

DEPT       DEPT_UNIQUE1    DEPTNO       UNIQUE       INVISIBLE  

DEPT       DEPT_REVERSE    DEPTNO       NONUNIQUE    INVISIBLE  

DEPT       DEPT_NORMAL     DEPTNO       NONUNIQUE    INVISIBLE  

DEPT       DEPT_BITMAP     DEPTNO       NONUNIQUE    VISIBLE  

DEPT       DEPT_FB         SYS_NC00004$   NONUNIQUE    VISIBLE  

 

(Index types: NORMAL, NORMAL/REV, UNIQUE, BITMAP, FUNCTION - BASED NORMAL) 

  

Check the Indexes Views ï FIVE Indexex on the same column: 
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Multiple Types of Indexes 

on the Same Column(s) 

alter index dept_bitmap invisible;  

Index altered.  

 

select /*+ index(dept dept_fb) */ deptno  

from   dept  

where  substr(deptno,1,1)=1;  

 

    DEPTNO 

----------  

        10 

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

| Id  | Operation         | Name | Rows  | Bytes | Cost (%CPU)| Time     |  

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

|   0 | SELECT STATEMENT  |      |     1 |     5 |     2   (0)| 00:00:01 |  

|*  1 |  TABLE ACCESS FULL| DEPT |     1 |     5 |     2   (0)| 00:00:01 |  

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

 

Predicate Information (identified by operation id):  

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

   1 -  filter(TO_NUMBER(SUBSTR(TO_CHAR("DEPTNO"),1,1))=1)  

 

Interesting note on Index Suppression:  
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Multiple Types of Indexes 

on the Same Column(s) 

select /*+ index(dept dept_fb) */ deptno  

from   dept  

where  substr(deptno,1,1)= '1' ;  

 

    DEPTNO 

----------  

        10 

 

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

| Id  | Operation                           | Name    | Rows  | Bytes | Cost  

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

|   0 | SELECT STATEMENT                    |         |     1 |     5 |     2  

|   1 |  TABLE ACCESS BY INDEX ROWID BATCHED| DEPT    |     1 |     5 |     2  

|*  2 |   INDEX RANGE SCAN                  | DEPT_FB |     1 |       |     1  

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

 

Predicate Information (identified by operation id):  

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

   2 -  access(SUBSTR(TO_CHAR("DEPTNO"),1,1)='1')  

 

Interesting note on Index Suppression:  



Optimizer Statistics &  

Other Optimizer Advances 

Special Thanks: Maria Colgan, Penny Avril & Debbie Migliore  



Extended Optimizer Statistics: 

New Multi -Column Statistics 

ÅCorporate data often has correlations between different 
columns of a table.  For example: 

ðA job title is correlated to the salary.   

ðThe season affects the sold amounts of items such as swim suits 
sell more in the summer and snow shoes sell more in the winter. 

ðThe make of a car and color are often used together but are not 
really correlated well so the filter doesnõt reduce the result set. 

ÅOptimizer has to estimate the correct cardinality 

ïWill the additional column condition reduce the result set or 
not?  Should it be used. 

ÅOracle calculates correlated statistics so the optimizer will 
make great decisions.  Single column statistics and 
histograms are not enough! 



Example 

SELECT make, price, color  

FROM   cars_dot_com  

WHERE make = óCORVETTEô; 

 

SILVER 50,000 CORVETTE 

BLACK 60,000 CORVETTE 

RED 40,000 CORVETTE 

ÅThree records selected. 

ÅSingle column statistics are 
accurate  

SLIVER 45,000 JEEP 

BLACK 35,000 JEEP  

RED 90,000 CADILLAC  

SILVER 50,000 CORVETTE 

BLACK 60,000 CORVETTE 

RED 40,000 CORVETTE 

Color Price Make 



Example, cont. 

SELECT make, price, color  

FROM   cars_dot_com  

WHERE  make = óCORVETTEô 

AND    COLOR = 'REDó; 

ÅOne record selected. 

ÅNo correlated columns 

ÅAdditional predicate 
reduces result set  

ÅSingle column statistics 
are STILL sufficient 

RED 40,000 CORVETTE 

SLIVER 45,000 JEEP 

BLACK 35,000 JEEP  

RED 90,000 CADILLAC  

SILVER 50,000 CORVETTE 

BLACK 60,000 CORVETTE 

RED 40,000 CORVETTE 

Color Price Make 



Example, cont. 

ÅThree records selected. 

ÅCorrelated columns 

ÅAdditional predicate has no 
effect 

ÅSingle column statistics 
are NOT sufficient 

ÅMust use ó=ó and not < or > 

SLIVER 50,000 CORVETTE 

BLACK 50,000 CORVETTE 

RED 50,000 CORVETTE 

SLIVER 45,000 JEEP 

BLACK 35,000 JEEP  

RED 90,000 CADILLAC  

SILVER 50,000 CORVETTE 

BLACK 50,000 CORVETTE 

RED 50,000 CORVETTE 

Color Price Make 

SELECT make, price, color  

FROM   cars_dot_com  

WHERE  make = óCORVETTEô 

AND    PRICE = 50000;  
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Manage New Statistics ð FYI Only 

EXTENDED Statistic Group  

ÅProvides a way to collect stats on a group of columns 

ÅFull integration into existing statistics framework 

ðAutomatically maintained with column statistics 

ðInstantaneous and transparent benefit for any application 

ÅAccurate cardinalities for inter-related columns 

ðMultiple predicates on the same table are estimated 

correctly 
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Manage New Statistics ð FYI Only 

After normal Statistics Creation 

select column_name, num_distinct, histogram 

from  user_tab_col_statistics where table_name = 'CUSTOMERSô; 

 
COLUMN_NAME                    NUM_DISTINCT HISTOGRAM  

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

CUST_VALID                                2 NONE  

COUNTRY_ID                               19 FREQUENCY 

CUST_STATE_PROVINCE                     145 NONE 

CUST_CITY_ID                            620 HEIGHT BALANCED  

CUST_CITY                               620 NONE  

CUST_LAST_NAME                          908 NONE  

CUST_FIRST_NAME                        1300 NONE  

CUST_ID                               55500 NONE  

...  

23 rows selected.  
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Manage New Statistics ð FYI Only 

Create EXTENDED Statistic Group 

ÅNow lets create the extended statistics group & re-gather statistics on the 
CUSTOMER table (query user_tab_col_statistics to see new column): 

 

select  dbms_stats.create_extended_stats('SH','CUSTOMERS', '(country_id, 
cust_state_province)') from dual; 

 
DBMS_STATS.CREATE_EXTENDED_STATS('SH','CUSTOMERS','(CO 

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

SYS_STUJGVLRVH5USVDU$XNV4_IR#4 

 

exec dbms_stats.gather_table_stats('SH','CUSTOMERS', method_opt => 
'for all columns size skewonly'); 

PL/SQL procedure successfully completed. 
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Manage New Statistics ð FYI Only 

Now there are Extended Statistics 

select column_name, num_distinct, histogram 

from  user_tab_col_statistics where table_name = 'CUSTOMERS'; 

 
COLUMN_NAME                    NUM_DISTINCT HISTOGRAM  

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

SYS_STUJGVLRVH5USVDU$XNV4_IR#4          145 FREQUENCY  

CUST_VALID                                2 FREQUENCY  

COUNTRY_ID                               19 FREQUENCY  

CUST_STATE_PROVINCE                     145 FREQUENCY  

CUST_CITY_ID                            620 HEIGHT BALANCED  

CUST_CITY                               620 HEIGHT BALANCED  

CUST_LAST_NAME                          908 HEIGHT BALANCED  

CUST_FIRST_NAME                        1300 HEIGHT BALANCED  

CUST_ID                               55500 HEIGHT BALANCED  

...   

 

24 rows selected.  
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Manage New Statistics ð FYI Only 

DROP Extended Statistics 

exec dbms_stats.drop_extended_stats('SH', 'CUSTOMERS', '(country_id, cust_state_province)'); 

PL/SQL procedure successfully completed. 

 

select column_name, num_distinct, histogram 

from user_tab_col_statistics where table_name = 'CUSTOMERSô; 

 

COLUMN_NAME                    NUM_DISTINCT HISTOGRAM  

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

CUST_VALID                                2 NONE  

COUNTRY_ID                               19 FREQUENCY  

CUST_STATE_PROVINCE                     145 NONE  

CUST_CITY_ID                            620 HEIGHT BALANCED  

CUST_CITY                               620 NONE  

CUST_LAST_NAME                          908 NONE  

CUST_FIRST_NAME                        1300 NONE  

CUST_ID                               55500 NONE  

...  

23 rows selected.  
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Adaptive Cursor Sharing  

ÅThe optimizer peeks at user-defined bind values during 
plan selection on the hard parse. 

ÅInitial value of the binds determines the plan for all future 
binds (hopefully the first peek covers most queries) 

ÅSame execution plan shared regardless of future bind values 

ÅOne plan is not always appropriate for all bind values for a 
given SQL statement 
ðWhere job= ôPRESIDENTõ (use an index ð only one row) 

ðWhere job = ôOPERATORõ (donõt use an index ð 90% of the 
table) 

ÅIf Oracle òpeeksó and sees the President, it will use the 
index.  Future queries also use the index without peeking 
after that (bad for the OPERATOR query). 


