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Why automating index creation in the database?

• For a very long time, both DBAs and Developers, have been

struggling (really struggling) with what indexes should be

created, what type of indexes they should be created as and 

what indexes should be dropped from the database

• By far, the most interesting new feature of Oracle Database

19c is Automatic Index creation (AI Creation)

• In the long run, this is to be one of the most important

features in the Oracle database









The following features:

• Basic SQL functionality

• Queries 

• Joins

• No transactions supported

came with Oracl(e) 2 (1979).



















AI setup of the environment used for testing

• Exadata X4-2L High Capacity

• Linux 7.6

• RAC with CDB / 2 PDBs

• Kernel version: 4.1.12-

124.23.4.el7uek.x86_64 

• Image version:19.1.2.0.0.190111



Automating index creation: database schemas 

• Two schemas: Julian and SSB – 91GB in size

• Workload: Julian (OLTP) / SSB (DW)

• Initially 22 indexes were created – unusable & invisible (metadata)



Visible automating index creation in the database

• On the 2nd day, 13 indexes became VALID (real segments)

• On the 3rd day, we got the first VISIBLE index



Visible automating index creation in the database

• 25 indexes created altogether: 2 for Julian and 23 for SSB



Odd automating index creation in the database?

Oracle creates also auto indexes on global temporary tables 



Automating indexes and GTTs: statistics



Automating indexes and GTTs: statistics

• UDCNDHTMPINSTRFIXING is a GTT

• Cost is the same for both plans (7) – but as Oracle seems to judge from the 

buffer gets – those are much lower in the auto index plan (387) as the GTT is 

always empty

• When Oracle test execute the workload SQL - Oracle measure the benefit (or 

otherwise) of the new auto index and that is used to form the basis of making 

a decision - as usual, both IO and CPU matters



Automating indexes and GTTs: statistics



Automating indexes and GTTs: what matters

• According to Oracle the DELETE has improved based on 809 times less 

buffer gets (the 809 is exactly the improvement factor in the report below)

• The auto index is clearly worse, while the original index on 

(IDUDCNDLOGINSTRUMENT) matches exactly the where clause, the 

auto index (IDUDCNDLOGINSTRUMENT,ISARCHIVE) has an additional 

column not even appearing in the query



Automating indexes and SQL improvements

• Improvement factor (in 19.3.0) is the ratio of the buffer gets per exec 

(original/auto_index) 

• Oracle supposedly subtract parse buffer gets and if the value is zero, Oracle 

then call it "1" 

• The rest is guesswork without looking at the underlying data Oracle input into 

the calculations 

• Oracle retrieve the values from dba_advisor_sqlstats and a bunch of 

wri$_sqlset tables 

• DBA_AUTO_INDEX_VERIFICATIONS: "_auto_index_log" (wri$_adv_tasks, 

wri$_adv_objects), wri$_adv_objects, dba_advisor_executions
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PDBs, SPA and automating index creation

• Error in PDB occurs when the SPA task is initiated



Automating index creation in a CDB database

• Automatic Indexing worked in the CDB (under root) but stopped 

working in the PDB after it ran once

• Restart the expert system with did not help
• exec dbms_auto_index_internal.task_proc; 

• In the PDB it ran only once in the beginning while in CDB$ROOT it is 

being executed every 15th minute

• Tried to close and open the PDB and restart the CDB, disable auto 

indexing in CDB$ROOT - nothing

• Even cleanup did not help  



Automating indexes and cascading parameters

• The issue was that the PDB was *not* open on the 2nd instance of the RAC

• Once open, all started working perfectly

• Also, compatible was set to 19.3.0

• Setting 'AUTO_INDEX_MODE’ to 'IMPLEMENT’ in CDB$ROOT is not 

cascading to the PDB, has to be set per PDB



Automating index creation “debugging”



Automating index creation “debugging”



Automating index creation errors



Now testing: will manual indexes be dropped?



Now testing: will manual indexes be dropped?
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19c: Machine Learning and Artificial Intelligence

• Oracle first create invisible-invalid indexes using 

dbms_stats.report_col_usage

• Then they test-parse SQL in the SQL tuning set to see if it will use the 

indexes - because at this stage Oracle have candidate indexes but 

Oracle won't yet know if they stand a chance of actually being useful -

if the SQL does use the indexes, then Oracle make them invisible-valid

• Then they test execute the queries in SPA (allowing the SQL to see the 

invisible-valid indexes) and they check to see if they run better with 

these proposed indexes - if they do, then we can make the valid 

indexes visible

• In theory we can get a new batch of visible indexes every 15 minutes
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19c: Machine Learning and Artificial Intelligence
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19c: what is used for Auto Indexing?

• ASTS: Automatic SQL Tuning sets – SYS_AUTO_STS - a SQL Tuning Set 

on which it runs the SQL Access Advisor

• SPA: SQL Performance Analyzer

• IV: index visibility by setting optimizer_use_invisible_indexes to TRUE

• SPM: SQL Plan Management: avoid plan regression for SQL statemements
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What can and cannot be done to Auto Indexing?

• Drop or rebuild Automatic Indexes: you cannot drop an auto index

• You cannot drop an auto index in 19.3 - no legitimate way

• Set AUTO_INDEX_RETENTION_FOR_AUTO to 1

• If you need to do this, raise an SR and describe your scenario

• But the error message ”ORA-01418: specified index does not exist” is misleading 

as the index *does* exist - it should be some new error like ‘”ORA-99999: 

operation not permitted on autonomous objects” or something like that :-/

• Make Oracle not using the Automatic Indexes: 

• select /*+ NO_INDEX(f "SYS_AI_0rn9u2kmxxbs7") */ …  observe case 

sensitivity with double-quotation marks:

• select /*+ OPT_PARAM('_optimizer_use_auto_indexes','OFF') */ ….  unofficial 

technique:



Automating Index creation reports and errors
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Underscore Parameters for Auto Indexing



Is Automatic Indexing available only in Exadata? 



Is Automatic Indexing available only in Exadata? 



Is Automatic Indexing available only in Exadata? 



Is Automatic Indexing available only in Exadata? 
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19c new: Security

• If the database password file name or location has been changed and the 

metadata cache needs to be refreshed with the details of the updated 

database password file, you can do it simply with the following command:

• In 19c, most of the Oracle Database supplied schema-only accounts now 

have their passwords removed to prevent users from authenticating to 

these accounts - but DBAs can still assign passwords to the default 

schema-only accounts
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19c new: Memoptimized Rowstore

• Memoptimized rowstore is all about high performance data streaming and 

provides the following functionalities:

Fast ingest:

• Fast ingest optimizes the processing of high-frequency, single-row data 

inserts into a database

• Fast ingest uses the large pool for buffering the inserts before writing them 

to disk, so as to improve data insert performance

Fast lookup

• Fast lookup enables fast retrieval of data from for high-frequency queries

• Fast lookup uses a separate memory area in the SGA called the 

memoptimize pool for buffering the data queried from tables

• For using fast lookup, you must allocate appropriate memory size to the 

memoptimize pool using MEMOPTIMIZE_POOL_SIZE
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19c new: SQL

• Automatic resolution of SQL plan regressions: 

• SQL plan management searches for SQL statements in the Automatic 

Workload Repository (AWR)

• Prioritizing by highest load, it looks for alternative plans in all available 

sources, adding better-performing plans to the SQL plan baseline

• Oracle also provides a plan comparison facility and improved hint reporting: 

use DBMS_XPLAN.COMPARE_PLANS to generate a report 

• SQL Quarantine: 

• SQL statements that are terminated by Oracle Database Resource 

Manager due to their excessive consumption of CPU and I/O resources can 

be automatically quarantined

• The execution plans associated with the terminated SQL statements are 

quarantined to prevent them from being executed again

• Check out the new Oracle package DBMS_SQLQ – cool stuff!

https://docs.oracle.com/en/database/oracle/oracle-database/19/tgsql/managing-sql-plan-baselines.html#GUID-6D284A90-3761-4BC1-AC3E-DF39EE727FC7
https://docs.oracle.com/en/database/oracle/oracle-database/19/admin/diagnosing-and-resolving-problems.html#GUID-1CF7E2B7-1BF8-4907-889E-1107CAA83E51
https://docs.oracle.com/en/database/oracle/oracle-database/19/arpls/DBMS_SQLQ.html#GUID-C9CEBBEA-9543-42B2-B318-465BAA4F832F
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19c new: ADG DML and RTS

• You can now run DML on the Active Data Guard standby database

• When run on the standby side, the update is passed to the Primary 

database where it is executed and the resulting redo of the transaction will 

update the standby after which control will be returned to the application 

• Real-Time Statistics is also a new cool feature:

• Oracle automatically gathers online statistics during conventional DML 

operations

• By gathering some statistics automatically during DML operations, the 

database augments the statistics gathered by DBMS_STATS

• Fresh statistics enable the optimizer to produce more optimal plans

• EXEC DBMS_STATS.FLUSH_DATABASE_MONITORING_INFO; 

• NO_GATHER_OPTIMIZER_STATISTICS prevents the collection of 

real-time statistics

https://docs.oracle.com/en/database/oracle/oracle-database/19/tgsql/optimizer-statistics-concepts.html#GUID-769E609D-0312-43A7-9581-3F3EACF10BA9


2019 Accenture  All rights reserved. 51

19c new: High-Frequency Statistics

• High-Frequency Automatic Optimizer Statistics Collection complements the 

standard automatic statistics collection job

• By default, the high-frequency statistics collection occurs every 15 minutes

• Turn on/off: EXEC 

DBMS_STATS.SET_GLOBAL_PREFS('AUTO_TASK_STATUS','ON’);

• Change the default period: EXEC 

DBMS_STATS.SET_GLOBAL_PREFS('AUTO_TASK_INTERVAL','300’);

• Monitor: DBA_AUTO_STAT_EXECUTIONS

• The high-frequency automatic statistics task will not start during the 

maintenance window
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19c new: Data Pump

• Oracle Data Pump allows tablespaces to stay read-only during TTS import

• Oracle Data Pump can work in test mode for transportable tablespaces

• Oracle Data Pump supports resource usage limitations with the introduction of 

two new parameters: MAX_DATAPUMP_JOBS_PER_PDB and 

MAX_DATAPUMP_PARALLEL_PER_JOB

• Data Pump no longer enables secure, password-protected roles by default. 

Beginning with 19c, you must explicitly enable password-protected roles for an 

individual export or import job. A new command-line parameter has been 

added, ENABLE_SECURE_ROLES=YES | NO that can be used to explicitly 

enable or disable these types of roles for an individual export or import job

• The new Data Pump command-line parameter CREDENTIAL enables secure 

import into a managed service from dump files in the Oracle Object Store 

Service

https://docs.oracle.com/en/database/oracle/oracle-database/19/newft/new-features.html#GUID-8BAADCB7-F93A-48D0-BF24-369C4947C56B
https://docs.oracle.com/en/database/oracle/oracle-database/19/newft/new-features.html#GUID-46DE1A58-1C90-4C0B-9A59-82375A98A629
https://docs.oracle.com/en/database/oracle/oracle-database/19/newft/new-features.html#GUID-57E7A499-6CF3-408E-845E-4FB883B5E8F2
https://docs.oracle.com/en/database/oracle/oracle-database/19/newft/new-features.html#GUID-019D2FBF-865A-449D-A564-29657F59B593
https://docs.oracle.com/en/database/oracle/oracle-database/19/newft/new-features.html#GUID-09C1B409-8E38-46A8-99F9-B1BFEC9C8B5C
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19c new: init.ora / spfile

• There are 6 new init.ora parameters in 19c

• DBAs can now tune in DataGuard the amount of wait time by using

DATA_GUARD_MAX_IO_TIME and DATA_GUARD_MAX_LONGIO_TIME

• You can check details for all six:

• ADG_REDIRECT_DML

• DATA_GUARD_MAX_IO_TIME

• DATA_GUARD_MAX_LONGIO_TIME

• ENABLE_IMC_WITH_MIRA

• LOB_SIGNATURE_ENABLE

• MAX_DATAPUMP_PARALLEL_PER_JOB

https://docs.oracle.com/en/database/oracle/oracle-database/19/refrn/ADG_REDIRECT_DML.html#GUID-AC98F026-33BE-41FE-8F2F-EFA296723AD8
https://docs.oracle.com/en/database/oracle/oracle-database/19/refrn/DATA_GUARD_MAX_IO_TIME.html#GUID-B6CE1418-206D-4B5C-824F-048F84B7FFBC
https://docs.oracle.com/en/database/oracle/oracle-database/19/refrn/DATA_GUARD_MAX_LONGIO_TIME.html#GUID-34528372-4616-4394-80BF-945352964519
https://docs.oracle.com/en/database/oracle/oracle-database/19/refrn/ENABLE_IMC_WITH_MIRA.html#GUID-124E6841-C552-4DA8-96D4-83CE16B6B6AB
https://docs.oracle.com/en/database/oracle/oracle-database/19/refrn/lob_signature_enable.html#GUID-62997AB5-1084-4C9A-8258-8CB695C7A1D6
https://docs.oracle.com/en/database/oracle/oracle-database/19/refrn/MAX_DATAPUMP_PARALLEL_PER_JOB.html#GUID-33B1F962-B8C3-4DCE-BE68-66FC5D34ECA3
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19c new: init.ora / spfile

• There are several initial parameters added in Oracle Database 19.3

• You can find these new 8 parameter's information in v$parameter but they 

are not included in Database Reference 19C or other online documents

• allow_rowid_column_type

• client_statistics_level

• cpu_min_count

• http_proxy

• max_idle_blocker_time

• scheduler_follow_pdbtz

• ssl_wallet

• unified_audit_common_systemlog
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19c new: hybrid tables

• Hybrid Partitioned Tables: now large portions of a table can reside in 

external partitions, for example in the Oracle Cloud

• With this new feature, you can also easily move non-active partitions to 

external files, such as Oracle Data Pump files, for a cheaper storage 

solution

• Hybrid partitioned tables support all existing external table types for external 

partitions: 

• ORACLE_DATAPUMP

• ORACLE_LOADER

• ORACLE_HDFS

• ORACLE_HIVE

https://docs.oracle.com/en/database/oracle/oracle-database/19/vldbg/partition-concepts.html#GUID-C2B04585-BCFC-40D6-AFAB-47DF99A31C76



