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Recorded Web Seminars

https://MikeDietrichDE.com/videos

ces to the Extreme

AutoUpgrade to O 3¢
Dy More than 35 hours of technical content,
on-demand, anytime, anywhere
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Webinar | Autonomous Database

o Prepare for Oracle Autonomous Database
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https://go.oracle.com/LP=114938?elqCampaignId=341007

AGENDA

09:30 11:15 13:30 15:15
Welcome AutoUpgrade Data Pump Migrating
Release Strategy Multitenant Autonomous Database "The Beast"
Patching

11:00 12:45 15:00

Coffee break Lunch Coffee break
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Releases
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Lifetime Support Policy
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Nel o
1. WAIVED EXTENDED EXTENDED

12.2.0.1 LIMITED

. Premier Support . Waived Extended Support . Paid Extended Support Restricted Upgrade Support . Limited Error Correction
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Lifetime Support Policy
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EXTENDED
12.2.0.1 LIMITED

EXTENDED

. Premier Support . Waived Extended Support . Paid Extended Support Restricted Upgrade Support . Limited Error Correction
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Oracle Database 23ai

Production

» Oracle Database Cloud Services
* Oracle DB@Azure

* Oracle DB@Google Cloud

* Oracle DB@AWS

» Exadata Cloud@Customer

*  Compute Cloud@Customer

» Exadata Database Machine

» Database Appliance

* Private Cloud Appliance
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Development / Testing

« Oracle Database Free for Linux x86
¢ Oracle Database Free for ARM

« Oracle Database Free for Windows
» Oracle Autonomous Database

* Oracle Exadata Exascale

* Oracle Base Database

« DIY on Oracle Cloud Infrastructure
» Oracle Database 23ai beta program



Patching
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\
Question W

How often do you patch your Oracle environments?

Every quarter
Twice per year

Once per year

Never

16 Copyright © 2025, Oracle and/or its affiliates O



Release Update Contents
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https://support.oracle.com/epmos/faces/DocumentDisplay?id=2523220.1

If you don't apply a recent Release Update,
v @) you will miss thousands of fixes

+ Almost 12k fixes with 19.26.0
+ More than 300 security fixes
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Just as easy as patching your smart phone

AutoUpgrade's mission for patching Oracle Database
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AutoUpgrade and Patching

1

N

Download
Find the right patch numbers

For the right platform
Get latest OPatch

Copyright © 2025, Oracle and/or its affiliates

2587

Install

Install brand-new Oracle home
Update OPatch
Apply all patches

3
Patch
» Datapatch Sanity Check

» Datapatch
* Recompilation
+ Post-tasks

* Move instances and files




$ cat just patch.cfg

patchl.source_home=/u@l/app/oracle/product/19/dbhome_19 25 ©
patchl.target _home=/u@l/app/oracle/product/19/dbhome_19 26 ©
patchl.sid=DB19




AutoUpgrade and Patching

1

N

Download

Find the right patch numbers
For the right platform
Get latest OPatch

2]

Install

* Install brand-new Oracle home
» Update OPatch
* Apply all patches

» Datapatch Sanity Check
* Move instances and files
» Datapatch

* Recompilation

» Post-tasks

3 5

Patch
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$ cat do_it all.cfg

global.keystore=/home/oracle/autoupgrade-patching/keystore
patchl.source_home=/u@l/app/oracle/product/19/dbhome_19 25 ©
patchl.target _home=/u@l/app/oracle/product/19/dbhome_19 26 ©
patchl.sid=DB19
patchl.folder=/home/oracle/autoupgrade-patching/patch
patchl.patch=RU,OPATCH,0JVM,DPBP




$ cat do_it all.cfg

global.keystore=/home/oracle/autoupgrade-patching/keystore
patchl.source_home=/u@l/app/oracle/product/19/dbhome_19 25 ©
patchl.target _home=/u@l/app/oracle/product/19/dbhome_19 26 ©
patchl.sid=DB19
patchl.folder=/home/oracle/autoupgrade-patching/patch
patchl.patch=RU,OPATCH,0JVM,DPBP

$ java -jar autoupgrade.jar -config do_it_all.cfg -patch -mode deploy
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Demo

One-Button Patching

+ Download patches
* Install Oracle home

» Patch database

Watch on YouTube
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https://youtu.be/aaTOYGh7YYA
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-mode deploy
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Finds and downloads patches
Uses your MOS credentials
Chooses the right platform
Stores patches in local repository
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 Analyzes database for patch readiness
+ Datapatch Sanity Checks

+ Lightweight

» Non-intrusive

* Recommended, not required
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» Gathers dictionary statistics if needed
» Recompiles Oracle-maintained objects if needed
» Executes checks - see Doc ID 23806011
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https://support.oracle.com/epmos/faces/DocumentDisplay?id=2380601.1
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AutoUpgrade Patching
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+ Out-of-place patching

» Creates a brand-new Oracle home

« Uses runinstaller settings and binary options from source
Oracle home

* Execute root.sh via sudo or stored credentials
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* Moves database instance to new Oracle home
« Moves configuration files

» Executes Datapatch

» Updates system directories (utlfixdirs.sql)
* Updates /etc/oratab

» Supports read-only Oracle home

31 Copyright © 2025, Oracle and/or its affiliates



2
<
'5‘6\ e &
S N 5
NS /\/Q/ S Q:(\ &S
& » R & & &S
<P v < < e ©
() () () () () () S
), U U ), ), U =

 Post-patching fixups
* Recompiles if needed
+ Cleans up
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-mode download

-mode analyze

-mode fixups

-mode deploy

-mode create_home
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19¢

Copyright © 2025, Oracle and/or its affiliates

Single instance

Oracle Database 19c



& Always download
E@ the latest version of AutoUpgrade

» My Oracle Support Doc ID 24854571
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https://support.oracle.com/epmos/faces/DocumentDisplay?id=2485457.1

wget https://download.oracle.com/otn-pub/otn_software/autoupgrade.jar
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Patching
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$ORACLE_HOME/OPatch/datapatch
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SQL> SHUTDOWN IMMEDIATE

p—
it @ @ [oracle]$ $ORACLE_HOME/OPatch/datapatch
4=k —

NEW Oracle Home

Oracle Home, 14.25.0
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Tim Hall = @) +=
@oraclebase

When patching your production Oracle GI/DB
installations, which method do you use?

In-Place = Current ORACLE_HOME
Out-Of-Place = New ORACLE_HOME

If you don't look after have production kit, then don't
answer.
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é AutoUpgrade patches out-of-place

a2 Copyright © 2025, Oracle and/or its affliates



(@\ Which patches should you install?
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global.keystore=/home/oracle/autoupgrade-patching/keystore
patchl.source_home=/u@l/app/oracle/product/19/dbhome_19 25 ©
patchl.target _home=/u@l/app/oracle/product/19/dbhome_19 26 ©
patchl.sid=DB19
patchl.folder=/home/oracle/autoupgrade-patching/patch
patchl.patch=RECOMMENDED




Recommended Patches

OPATCH
RU
patchl.patch=RECOMMENDED

0JVM

DPBP

45 Copyright © 2025, Oracle and/or its affiliates

The latest OPatch
The latest Release Update
OJVM bundle matching Release Update

Data Pump bundle patch matching RU



You can also add MRPs

+ Get patch number from Primary Note for Database
Quarterly Release Updates (Doc ID 888.1)
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https://support.oracle.com/epmos/faces/DocumentDisplay?id=888.1

Primary Note for Database Quarterly Release Updates (Doc ID 888.1)

APPLIES TO:

‘ |

Oracle Database - Standard Edition - Version 11.2.0.4 and later

Oracle Cloud Infrastructure - Exadata Cloud Service

Gen 1 Exadata Cloud at Customer (Oracle Exadata Database Cloud Machine)
Gen 2 Exadata Cloud at Customer

Oracle Database Cloud Exadata Service

Information in this document applies to any platform.

PURPOSE

The purpose of this document is to list Database patches for both proactive and reactive maintenance.

SCOPE
This document wil| be of interest to the DBA and tf those responsible for proactive and reactive maintenance of the Oracle Database.

DETAILS

—

Please note that this document is maintained outside of the standard KM authoring system. Changes made directly to this document may be
inadvertently overwritten when the document is next refreshed from outside of the standard KM authoring system. Rather than implementing
changes to this document using the standard KM authoring system, please enter a comment as usual, and notify the document owner.[This
section is not visible to customers.]



$ cat DB19.cfg

global.keystore=/home/oracle/autoupgrade-patching/keystore
patchl.source_home=/u@l/app/oracle/product/19/dbhome_19 25 ©
patchl.target _home=/u@l/app/oracle/product/19/dbhome_19 26 ©
patchl.sid=DB19
patchl.folder=/home/oracle/autoupgrade-patching/patch
patchl.patch=RECOMMENDED, 37546431




$ cat DB19.cfg

global.keystore=/home/oracle/autoupgrade-patching/keystore
patchl.source_home=/u@l/app/oracle/product/19/dbhome_19 25 ©
patchl.target _home=/u@l/app/oracle/product/19/dbhome_19 26 ©
patchl.sid=DB19
patchl.folder=/home/oracle/autoupgrade-patching/patch

patchl.patch=RECOMMENDED, MRP




You can also add specific one-off fixes

 Get patches from Oracle Database 19¢ Important
Recommended One-off Patches (Doc ID 555.1)

50 Copyright © 2025, Oracle and/or its affiliates


https://support.oracle.com/epmos/faces/DocumentDisplay?id=555.1

—————
Oracle Database 19c Important Reoommmjgd One-off Patches (Doc ID 555.1)

Revision (RUR). issues will have been fixed in the latest updates, which we always recommend.

As noted in the update-specific tables below, fixes for known issues are targeted for inclusion in the first available RU or RUR. You can always find the latest RUs, RURs,
other patches, lists of fixed bugs and known issues in Primary Note for Database Proactive Patch Program(Doc 1D 888.1). Identifying and installing the latest updates
(patches) helps ensure you are using the most current content for security, functional, regression and bug fixes, as well as minor enhancements and any emergency one-
offs.

Note:

Beginning with the October 2022 patching cycle, 19c RURs will no longer be provided for 19.17.0 and above. No additional RURs will be delivered on any platform after the
delivery of Oracle Database 19c RUR 19.16.2 in January, 2023.

Refer to Sunsetting of 19¢ RURs and FAQ (Doc ID 2898381.1) for further details.

To provide customers more frequent access to recommended and well-tested collections of patches, Oracle is pleased to introduce Monthly Recommended Patches (MRPs)
starting Nov 2022. MRPs are supported only on Linux xB6-64 platform.

Refer to [ntroducing Monthly Recommended Patches (MRPs) and FAQ (Doc ID 2898740.1) for further details.

In addition to the relevant patches listed below, you should apply patches based on the specific RU after reviewing the following My Oracle Support knowledge documents:
1. Database PSU/BP/Update/Revision - Known Issues Primary Note(Doc ID 1227443.1)
2. Oracle Database Patches to Consider for 19¢ (Doc ID 2781612,2) which contains patches to consider for specific areas such as Data Pump, Golden gate etc.

NOTE: Bug 32781163 is no longer recommended and this note will be updated when a replacement becomes available in the future

NOTE: Bug 31061145 was previously listed in this note but the fix was included in 19.21 in a disabled state. To enable the fix see Note 31061145.8 for instructions.
NOTE: If you are an Applications Unlimited (for example, EBS) customer, you should follow any directions given in your product-specific documentation on applicability of
Release Updates (RUs) and Release Update Revisions (RURSs).

i ladassmaiiean halsy llebe amu addbitanal nelvlcas Flhadls sallans and smam salllnst ek aned e aanded Ree lnsballadlam an ban Af aanshh Ol Piisl aa nabkasmak lnls Bar dAabails



$ cat DB19.cfg

global.keystore=/home/oracle/autoupgrade-patching/keystore
patchl.source_home=/u@l/app/oracle/product/19/dbhome_19 25 ©
patchl.target _home=/u@l/app/oracle/product/19/dbhome_19 26 ©
patchl.sid=DB19
patchl.folder=/home/oracle/autoupgrade-patching/patch

patchl.patch=RECOMMENDED, 36006910, 36908826,35398148,36916250,
36273767,34672698,34774667,29213893
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[@ How to download patches
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il

i M
Network Connectivity e

The download stage requires:
1. Internet access

2. My Oracle Support credentials
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Internet Access

AutoUpgrade connects to:

* https://updates.oracle.com
* https://login-ext.identity.oraclecloud.com
e https://aru-akam.oracle.com

URLs are part of a CDN, so expect changing IP addresses
+ Use DNS names instead of IP addresses in your firewall

For connections via proxy use environment variables
* https_proxy
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MOS Credentials

You must have:
* Avalid My Oracle Support credential
«  Connected to a Customer Support Identifier (CSI)
*  Privilege to download patches using that CSI

Failure to meet the requirements:

e *Connection Failed - You entered an incorrect user name or password.*
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MOS Credentials

For download patches privilege contact an
MQOS administrator in your organization.

In User Details
Select the appropriate Support Identifier
Set the Patches drop-down to Download
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Keystore

AutoUpgrade stores MOS credentials in a keystore

Config file parameter: global.keystore

*  Governs directory of AutoUpgrade keystore
« Password protected software keystore

*  Optionally, an auto-open keystore

« No additional license needed
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$ java -jar autoupgrade.jar ... -patch -load _password
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MOS> add -user <MOS username>
Enter your secret/Password:
Re-enter your secret/Password:
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%ﬂ Your database host
@ doesn't have internet access?
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Using Download Mode

Open zone Secure zone

Neo |
m'f'@f' he+ &w€65
S

ol l F] = E

autoupgrade.jar -mode download

€5 sv\@‘atoupgr‘ade.jar‘ -mode deploy
N

cnre YO so¥

4714 ol A0=N0

aowW
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You can download patches manually
and place them in the patch folder

» Use a shared folder accessible to all hosts
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In The Plans

We're working to support

* Oracle Database 23ai

E ? * Cloning Oracle homes

+ Gold images
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65

Patch Me If You Can

It's better to fail in our lab, than in production

Access lab on Oracle Live Labs
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https://apexapps.oracle.com/pls/apex/dbpm/r/livelabs/view-workshop?wid=3740

Datapatch
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What is Datapatch?
$ORACLE_HOME/OPatch/datapatch
Q> $ORACLE_HOME/sqlpatch/sqlpatch

Q> $ORACLE_HOME/sqlpatch/sqlpatch.pl

use strict;
use Getopt::Long;

use sqglpatch.pm
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patches installed in Oracle home

= | Datapatch uses OPatch to determine
x:/
|

» From the database via DBMS_QOPATCH
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ORA-20001: Latest xml inventory is not loaded into table
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./datapatch -noqi

./datapatch -local inventory
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“,:3;\"\,‘.\:4
Patch Apply Sequence
datapatch =,\>
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(m) = W

Java patches

Bundle patches

One-off patches



Patch Rollback and Apply Queue

Binary Registry after opatch:

SQL Registry before datapatch:

72

Patch 444 - Java Patch

)
oy

Patch 666 — One-off Patch

-

Patch 111 - Java Patch

Patch 222 — Bundle Patch

Patch 333 — One-off Patch

Copyright © 2025, Oracle and/or its affiliates

$ ./datapatch

Rollback:

Apply:

Rollback:

Cumulative:

Apply:

datapatch queue



Datapatch uses
é REGISTRY$SQLPATCH RU_INFOto

control the patching operations
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Rollback Scripts

74

C

=
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Apply/rollback scripts

$ORACLE_HOME/sqglpatch/.../nnn_apply.sql
$ORACLE_HOME/sqglpatch/.../nnn_rollback.sql

Rollback scripts (zipped as BLOB):

One-off patches:
SELECT PATCH_DIRECTORY
FROM REGISTRY$SQLPATCH

Release Updates:
SELECT PATCH_DIRECTORY
FROM REGISTRY$SQLPATCH_RU_INFO



PATCH_ID

RU_VERSION

RU_BUILD_TS

LOB_SIZE_MB

29517242
30125133
30557433
30869156
31281355
31771877
32218454
32545013
32904851
S3A9247.95;
33515361
34133642
34419443
34765931
35643107

[
(o]
=
D
O OO OOO0O® O
O OO O OO0 O
O OO0

15 rows selected.
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04/10/2019 12:
09/09/2019 18:
12/17/2019 15:
04/04/2020 03:
07/03/2020 03:
09/30/2020 18:
01/08/2021 18:
04/13/2021 00:
07/16/2021 14:
10/04/2021 16:
12/25/2021 12:
07/03/2022 02:
09/24/2022 22:
01/11/2023 17:
09/30/2023 15:

108
116
141



CON_ID LOB_SIZE_MB

4098 958
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i i
Cleanup |

Bug 37352486
PURGE OLD PATCH METADATA ZIP BLOB FROM DATAPATCH INVENTORY, IF NOT NEEDED

» Apply one-off patch or use 19.26.0 or newer
* Run ./datapatch -purge_old _metadata
« This will execute the cleanup

* Be aware that the cleanup may take a bit in large CDB environments which have been
patched frequently
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Multitenant

CDB

Datapatch starts with CDOB$ROOT

Datapatch sorts PDBs by priority and con_id
* Set priority using ALTER PLUGGABLE DATABASE ... PRIORITY

Datapatch determines parallel degree based on CPU_COUNT
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automatically

Iib Datapatch patches PDB$SEED

* New PDBs are ready to go
» No need to execute Datapatch on new PDBs
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A Datapatch only patches open PDBs

* READ WRITE, READ ONLY, or UPGRADE
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Unpatched PDBs will open

iNn RESTRICTED mode

» Applies to failed or incomplete Datapatch runs
* Reported as plug-in violation



alter system set " pdb_datapatch _violation_restricted"=false;
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Advanced Patching




a Reduce downtime to the time it takes
:@ to perform a switchover

« Data Guard Standby-First Patch Apply (Doc ID 1265700.1)
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https://support.oracle.com/epmos/faces/DocumentDisplay?id=1265700.1

Safely test and verify patches with
Standby-First Patch Apply

« Data Guard Standby-First Patch Apply (Doc ID 1265700.1)
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https://support.oracle.com/epmos/faces/DocumentDisplay?id=1265700.1

Users connect here

Svapshot
Userd ovdinsct here
Oracle Home . [ Redo Transport > _: 25
19.24.0 :g! :g:
=l — Re =
O TraﬁSDOr[
"\-—J__-' 3_
Dewcle -HDVV\@ . @ < Redo Transport | — @ =
eaaidlome P =l =, LB
=] S Standemy' ™
e
@ mplici+ Flashback Patabase,

reverts Datapaty),

[oracle]$ $ORACLE_HOME/OPatch/datapatch
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Patch must Standby-First installable

» Check the patch readme
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— Execute Datapatch on the
-__-_-_@ primary database

* Only execute Datapatch when all homes are on the new patch
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O Avoid database downtime with

RAC Rolling Patch Apply
©-0-0
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RAC Rolling Patching

% +— User

E8 B8 B @— Fuskauces
ElEle GlEle i@ @rote Homes

| — s

% @ﬂ— GRatavase
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New Oracle Home
Patch Oracle Home
Move to new Oracle Home

Execute Datapatch



b Keep Gl and DB patch levels in sync

e Thisis what we test and run in our Cloud

91 Copyright © 2025, Oracle and/or its affiliates



Gl and DB Patch Levels

Recommended,

X Gl 19.26 + DB 19.26
best practice

In sync
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Complete a rolling patching operation
always as quickly as possible

¢ RAC: Frequently Asked Questions (Doc ID 220970.1)
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https://support.oracle.com/epmos/faces/DocumentDisplay?id=220970.1

Unusual combinations are supported, but
we strongly advice against it

» Node 1with GI 1916.0, node 2 with GI 1918.0
» Patching node 1on Monday, node 2 on Tuesday ...
» Mix of Gl and DB versions on various nodes
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Release updates are always:

@Q Standby-First installable
@ RAC Rolling installable
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1
2

3

Patch your Oracle Database regularly

Patch out-of-place

Use AutoUpgrade Patching



Break

We start again at 11:20
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AutoUpgrade

Overview and new features
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& AutoUpgrade is the only supported tool to
Z‘.'@ upgrade your Oracle Database

'

» DBUA is desupported
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$ java -jar autoupgrade.jar -version

build.version 25.1.250212

build.date 2025/02/12 18:51:30 +0000

build.hash 24fd3b4f8

build.hash_date 2025/02/07 21:18:23 +0000
build.supported_target versions 12.2,18,19,21,23

build.type production

build.label (HEAD, tag: v25.1)

build.MOS_NOTE 2485457.1

build.MOS_LINK https://support.oracle.com/.../?id=2485457.1
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wget https://download.oracle.com/otn-pub/otn_software/autoupgrade.jar
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New Features
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$ cat CDB1l.cfg

upgl.source_home=/u@l/app/oracle/product/19/dbhome_19 26 ©
upgl.target _home=/u@l/app/oracle/product/13/dbhome 23 7 ©
upgl.sid=CDB1

upgl.rman_catalog connect_string=catalogdb
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$ cat CDBl.cfg

upgl.source_home=/u@l/app/oracle/product/19/dbhome_19 26 ©

upgl.target _home=/u@l/app/oracle/product/13/dbhome 23 7 ©
upgl.sid=CDB1

upgl.upgl.emcli_path=/u@l/app/oracle/oem
upgl.em_target name=ORCL_myhost.domain.int
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—. .- Upgrading and patching on Windows
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O
Windows '

The Oracle Database instance runs as a Windows service

» Upgrading and out-of-place patching requires
recreation of the Windows service using oradim. exe

» Windows supports passing the credentials via a credential file




$ cat patch on win.cfg

global.keystore=c:\oracle\autoupgrade\keystore
patchl.source_home=c:\oracle\product\dbhome_ 19 25 ©
patchl.target _home=c:\oracle\product\dbhome 19 26 ©
patchl.sid=DB19

patchl.folder=c:\oracle\patches
patchl.patch=RECOMMENDED
patchl.wincredential=c:\oracle\autoupgrade\credential




C:\> java -jar autoupgrade.jar

109

-config patch_on_win.cfg
-patch

-loadwincredential "patchl®
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C:\> java -jar autoupgrade.jar
-config patch_on _win.cfg
-patch

-mode deploy
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e

Windows
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--AutoUpgrade deletes the credential file after use for security reasons
--For automation it is desirable to keep the credential file

patchl.delete_credential file=false
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AutoUpgrade fully supports upgrading
Oracle RAC Database on Windows



Refreshable Clone PDBs




Non-CDB to PDB conversion
is irreversible

What are your rollback options?



116

ROLLBACK
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Backup / restore

Ensure you have a recent backup and
requires time to restore and recover

Copy data files

Requires time and disk space to hold
a copy of the data files




17

ROLLBACK
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Refreshable clone PDB

Requires trre-and disk space to hold
a copy of the data files

Requires Oracle Database 12.2 or newer




Refreshable Clone PDB

118

CREATE

Create PDB from
non-CDB over a
database link

Copyright © 2025, Oracle and/or its affliates

REFRESH

Apply redo from
non-CDB to keep
PDB up-to-date

A

OUTAGE

Disconnect users
and refresh PDB for
the last time

@

CONVERT

To become a proper
PDB, it must be
converted



Refreshable Clone PDB

Server 1
systemol.dbf ——
sysaux@l.dbf
users@l.dbf - 1

undo@1.dbf

Server 2

Source

hon-Cpp
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Refreshable Clone PDB

Server 1
systemol.dbf ——
sysaux@l.dbf
users@l.dbf - 1

undo@1.dbf

e

IOODI

120 Copyright © 2025, Oracle and/or its affiliates

Could be same
server as well



Refreshable Clone
\,
Pk Youe wt Giowlredfrasi
Wﬁ&\%?grvw andl|dfscovmed+
for rollback
\ Server 1 Server 2
N
system@l.dbf —
sysaux01.dbf > = e @%g
usersol.dbf — [~
undo@1.dbf
/ Copy data files
over database link

'Damlaas%(
Seurce MM%S@ CREATE PLUGGABL

is s+l ohliye Open PDB and rin
wowcdb_i‘o_w

Repeat every

2D minutes
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<
! x VOl
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Refreshable Clone PDB

\"\,'.\.*—t‘\_ AR N
3
>

Target CDB

Source non-CDB

CREATE USER dblinkuser CREATE DATABASE LINK CLONEPDB
IDENTIFIED BY ... ; CONNECT TO dblinkuser
IDENTIFIED BY ...
GRANT CREATE SESSION, USING 'noncdb-alias’;

CREATE PLUGGABLE DATABASE,
SELECT_CATALOG_ROLE TO dblinkuser;

GRANT READ ON sys.enc$ TO dblinkuser;
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Refreshable Clone

Target CDB

Source non-CDB

upgl.
upgl
upgl.
upgl.
upgl.
upgl.

.target_home=/u@1/app/oracle/product/19

source_home=/u@l/app/oracle/product/12.2.0.1

sid=NONCDB1

target_cdb=CDB1
source_dblink.NONCDB1=CLONEPDB
target_pdb_name.NONCDB1=PDB1
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You can drop user and database link
after migration

—i10

 Config file parameter drop_dblink
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Refreshable Clone PDB

Target CDB

Source non-CDB

upgl.
upgl
upgl.
upgl.
upgl.
upgl.

.target_home=/u@1/app/oracle/product/19

source_home=/u@l/app/oracle/product/12.2.0.1

sid=NONCDB1

target_cdb=CDB1
source_dblink.NONCDB1=CLONEPDB 300
target_pdb_name.NONCDB1=PDB1
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Refreshable Clone

Source non-CDB

Target CDB

upgl.
upgl.
upgl.
upgl.
upgl.
upgl.
upgl.
--Spe
--upg

source_home=/u@l/app/oracle/product/12.2.0.1
target_home=/u@l/app/oracle/product/19
sid=NONCDB1

target_cdb=CDB1
source_dblink.NONCDB1=CLONEPDB 300
target_pdb_name.NONCDB1=PDB1
start_time=25/01/2025 02:00:00

cify relative start time

1.start_time=+1h30m
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Refreshable Clone PDB

Source non-CDB

Target CDB

upgl.
upgl.
upgl.
upgl.
upgl.
upgl.
upgl.
upgl.

source_home=/u@l/app/oracle/product/12.2.0.1
target_home=/u@l/app/oracle/product/19
sid=NONCDB1

target_cdb=CDB1
source_dblink.NONCDB1=CLONEPDB 300
target_pdb_name.NONCDB1=PDB1
start_time=25/01/2025 02:00:00
parallel_pdb_creation_clause=4
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Refreshable Clone

1

Run on source

autoupgrade.jar ... -mode analyze

autoupgrade.jar ... -mode fixups
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2

Run on target

autoupgrade.jar ...

-mode deploy



Refreshable Clone PDB

1. 2. 3.

PDB Data files Redois
is created are copied applied
autoupgrade.jar ... -mode deploy
129 Copyright © 2025, Oracle and/or its affiliates

4. 5.

Final refresh Disconnect
and convert

upgl.start_time=25/01/2025 02:00:00



--When a job is in REFRESHPDB stage,
--you can force it to start immediately
upg> proceed -job 101
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--When a job is in REFRESHPDB stage,
--you can force it to start immediately

upg> proceed -job 101

--Or postpone it
upg> proceed -job 101 -newstarttime +2h30m
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--When a job is in REFRESHPDB stage,
--you can force it to start immediately

upg> proceed -job 101

--Or postpone it
upg> proceed -job 101 -newstarttime +2h30m

--0Or reschedule it
upg> proceed -job 101 -newstarttime ©2/03/2025 02:30:00
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Works for unplug-plug upgrades as well
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The source non-CDB stays intact
to allow rollback
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Zurcher
Kantonalbank



Customer Case | Zurcher Kantonalbank

A reliable partner for over 150 years

Project + The bank for the people of Zurich
since 1870

+  With over 5100 employees
one of the largest employers
Migration in the canton of Zurich

Constraints

Preparation

Success? + Globally networked full-service bank

with strong regional and local roots
Remarks
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Customer Case | Zurcher Kantonalbank

Customer  Current situation

I - Oracle databases on old OS and on Oracle Exadata

Constraints . 2023
Preparation

+ Migrate everything to Exadata until end of 2023

Migration . . .

+ Consolidation to Multitenant and to the next long-term
Success? support release
Remarks

Planned solution: AutoUpgrade
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Customer Case | Zurcher Kantonalbank

Customer Test Setup

Project » 3 non-CDB databases of different size

Constraints Source Size / GB
M) 165
Micrat TEST42 (107) 555
igration TEST41 (106) 18496
Success?

Remarks » Exadata X6-2 compute node
» 7 storage cells (2x X6-2L / 3x X7-2L / 2x X8-2L)
* Oracle Database 1915.0

* No additional options
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Customer Case | Zurcher Kantonalbank

Customer C]oning user

Project ’cr‘eate user dblinkuser identified by Oracle_ 4UOracle 4U;

Constraints 8
Permissions

grant CONNECT, RESOURCE, CREATE PLUGGABLE DATABASE,

Migration SELECT_CATALOG_ROLE to dblinkuser;
grant ALL ON SYS.ENC$ to dblinkuser;
Success?
Database link
Remarks

create database link TEST42.DOMAIN connect to dblinkuser
identified by oracle_4uoracle_4u using ‘test42.domain’;
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Customer Case | Zurcher Kantonalbank

Customer  Migration in progress

Project Source Runtime/Min

TEST40(108) 26
TEST42 (107) ongoing
TEST41(106) ongoing

Constraints

Preparation

Success?

Remarks




Customer Case | Zurcher Kantonalbank

Customer  Migration completed

Project Source Runtime/Min

TEST40(108) 26
TEST42(107) 226 (~3.5h)
TEST41(106) 1770 (29h)

Constraints

Preparation

Success?

Remarks




Customer Case | Zurcher Kantonalbank

Customer  First non-CDBs migrated successfully
Project  « Project is ongoing
Constraints
Preparation
Migration

Remarks
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Customer Case | Zurcher Kantonalbank

Customer  For large databases, make sure archives aren't cleaned up

Project .« Solution: restore archivelogs from backup
Constraints

Preparation

User profile with IDLE_TIME lead to kill of the session

Migration . . . .
8  Solution: assign a different profile to the clone user

Success?
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Christian Marquardt
- Database Specialist Expert & Solution Architect




C In OCI, upgrade individual PDBs using
AutoUpgrade and refreshable clone PDB

 See blog post for details
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https://dohdatabase.com/2024/05/21/upgrade-oracle-base-database-service-to-oracle-database-23ai/

a Refreshable clone works only with
:@ deferred recovery on standby database

» You must restore the PDB on standby database after
disconnect from non-CDB
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Multitenant
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Create Container Database

1 Character set

@_@g = 2 Components

% COMPATIBLE
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Create Container Database

1

2

3

149

Character set

Always choose AL32UTF8
Allows PDBs with any character set

Components

COMPATIBLE
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base Configurati - Create ‘orcl database - Step 9 of 15 - o x
Specify Configuration Options BUM?ACLE 23a|

e R g fge e B R e

Databass Ootions.
Configuration Optiens
Management Options

T e

The database character set determines how characker data is stored in the database.

(%) Use Unicode (ALIZUTFEN

Setting character sek to Unicode [ALI2UTFS) enables you to store multiple lsnguage groups.
() Use OF gharacter set (WEBMSWINI252)

Character set is based on the language setting of this eperating system.
() Choose fram the list of character sets

Nationial character set [a16UTF16 - Unicode UTF-16 Universal character set |
Defoul langusse:  [smerican 3
Dfault gerritory: |united States 3




Create Container Database

2 Components

.

Install as many as you need
» No more than that
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Select Database Options

Database Configuration Assistant - Create 'orcl’ database - Step 8 of 15

x
ek

+ Metwerk Configuration
+ Database Options
I

nfigurati s
T

| Database components |

Select the standard database components you want to configure for use in your database
Oracle recommends that you always install these components in your database. Deselecting
these compenents may cause you to ne lenger be able to choose seme components on the
subsequent page.

Select Component Tablespace  include in PO8s

[] @racle /M

[ Grache Test

[] Oracie oLAP -
[ @racle Spatial
[] Oracle Label Security -

[] Gracle Database Yaukt




Rt
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Create Container Database

3  COMPATIBLE

Keep at the default setting, 23.0.0

151

All initialization parameters ®

&\ Update the initiakzation parameters cnly when it is required. Refer to the Oracle documentation to learm more about each
indti slizstion parameter and its valid set of values.

iStorage related parameteris) value is shewn in MB)

[ show advanced parameters

Name Value | Include in spfile Categary
undo_tablespace UNDOTHS1 ] Cluster Database -
sga_target 2379 = SGA Memery Fi
db_block_size (bytes) 8192 (=} Cache and 10 p.
nls_language AMERICAN = LS E-
contral_files i"{DRACLE_BASE Horadatal... = File Configuration o
remote_login_passwordfile  EXCLUSIVE = Security and Auditing
processes 320 =] Processes and Sessions
pga_aggregate_target 793 [+ Sart, Hash Joins, Bitmap Indeves
nls_territory AMERICA NLS

Cursers and Library Cache

Miscellaneous
Database Identification

Deseription:

El

Mlows you to use a new release, while at the same tme guaranteeing backward compatibility with an earlier release.
Range of values: Default to current release, Default Value: Release dependent

Unless you want the option of downgrade
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Compatible

g8

[—+o]

COMPATIBLE=23.4.0 COMPATIBLE=23.5.0 COMPATIBLE=23.6.0

Not possible, Clowe/wmove OK,
CDB compatible lower but compativle changes
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How does a standby database
handles a plug-in operation

=1
=

+ Take care of your Data Guard during migration
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Plug-in on primary propagates
to standby database via redo
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1 Enabled recovery

2 Deferred recovery
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Enabled Recovery

1

Enabled recovery

create pluggable database ...

Standby records PDB creation
Standby locates data files
MRP applies redo to PDB

PDB is immediately protected
ok
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WX

standbys=all

2

Deferred recovery




Enabled Recovery

156

Server 2

5+4;4de

users@l.dbf

//stemel.dbf
E pul sysaux@l.dbf

g5 .

SHUNCE
wow-C
Server 1
systemol.dbf
sysaux@l.dbf ~
users@l.dbf
undo@1.dbf
> [%‘%: 5]
Tﬂl"ge N
i CDB
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A7

re-use data files

undo@1.dbf



o All data files on primary and standby
must be at the same SCN
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Enabled Recovery

* The plug-in happens on the primary database
* The plug-in uses the manifest file

* The manifest file contains information on data files from the primary database only

How does the standby database
know which files to plug in?
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Enabled Recovery

1  Regular files

How does the standby database
know which files to plug in?

2 OMFin regular file system

3 ASM



Enabled Recovery

1  Regular files

+ Standby search for data files at the same location as the primary
+ Override with DB_FILE_NAME_CONVERT

* Or, override with STANDBY_PDB_SOURCE_FILE_DIRECTORY

160 Copyright © 2025, Oracle and/or its affiliates E



Enabled Recovery

2 OMF in regular file system

+ Standby search for data files at the OMF location (DB_CREATE_FILE_DEST)
* Move data files from non-CDB location into OMF location

* Or, create soft links in OMF location pointing to data file location
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Enabled Recovery

3 ASM

+ Standby search for data files at the OMF location (DB_CREATE_FILE_DEST)

» Use ASM aliases to find data files at non-CDB OMF location
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Enabled Recovery | ASM

Primary E
0

Standby E
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+DATA/DB_BOSTON/DATAFILE/users.273.1103046827

]

+DATA/DB_CHICAGO/DATAFILE/users.269.1103050009

—

Same file,
but different name



Enabled Recovery | ASM

The manifest file contains

9 8QLhilexpatidbor pdhrvesy cidebdtepddyifest DB.xml");
C
» Not standby database
Non-CDB E g y
Primary :
<?xml version="1.0" encoding="UTF-8"?>
<PDB>
JL <xmlversion>1</xmlversion>
N <pdbname>PDB1</pdbname>
<guid>DDB49CFEFD8EDAFCEQ53E801000A078C</guid>
19c¢ o
N CDB <tablespace>
Ol <name>USERS</name>
Standby L
<file>
<path>+DATA/DB_BOSTON/DATAFILE/users.273.1103046827</path>
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Enabled Recovery | ASM

Target primary

23ai

g SQL> create pluggable database PDB1 using '/tmp/manifest_DB.xml' ... ;
coB B
Primary e

« Manifest file lists the location of data files on primary

J

« No information about standby databases

ééaé EEE

Standby L=l 9\

Target standby
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Enabled Recovery | ASM

23ai
co 588 +DATA/DB_BOSTON/DATAFILE/users.273.1103046827
Primary —=——=
\\lL Redo record says: No good, data file
Plug i this data file has a different vame
23ai /
oz 568 +DATA/DB_CHICAGO/DATAFILE/users.269.1103050009

Standby —=——=
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Enabled Recovery | ASM

23ai
co 588 +DATA/DB_BOSTON/DATAFILE/users.273.1103046827
Primary ——
\
OK, let's check the OMF directory
23ai
cos E88 +DATA/DB_CHICAGO/DATAFILE/users.269.1103050009

Standby —=——=
+DATA/CDB1_CHICAGO/<PDB_GUID>/DATAFILE

T4's emp ™
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Enabled Recovery | ASM

23ai
co 588 +DATA/DB_BOSTON/DATAFILE/users.273.1103046827
Primary —=——=
\
OK, let's check the OMF directory
23ai
cos E88 +DATA/DB_CHICAGO/DATAFILE/users.269.1103050009

Standby —=——=
+DATA/CDB1_CHICAGO/<PDB_GUID>/DATAFILE

T4's emp ™
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?Q Il just move the file in ASM
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o There's no move command in ASM.
But you can create aliases

+ Similar to file system soft links
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SQL> alter diskgroup data
'+DATA/DB_CHICAGO/DATAFILE/users.269.1103050009"

for
'+DATA/CDB1_CHICAGO/<PDB_GUID>/DATAFILE/users.269.1103050009":
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Now-CDB standby data file

SQL> alter diskgroup data add alias
'+DATA/DB_CHICAGO/DATAFILE/users.269.1103050009'
for
'+DATA/CDB1_CHICAGO/<PDB_GUID>/DATAFILE/users.269.1103050009" :
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SQL> alter diskgroup data add alias
'+DATA/DB_CHICAGO/DATAFILE/users.269.1103050009"
for
'+DATA/CDB1_CHICAGO/<PDB_GUID>/DATAFILE/users.269.1103050009" :

\

Stavdby PDB OMF location
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SQL> alter diskgroup data add alias
'+DATA/DB_CHICAGO/DATAFILE/users.269.1103050009"
for
'+DATA/CDB1_CHICAGO/<PDB_GUID>/DATAFILE/users.269.1103050009" :

/

Name does ot matter.
Standby scavs all files in OMF directory
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Data Guard | Re-use Data Files

23ai

CDB 8
Primary r% . . .
+ Standby database scans its own OMF directory for data files
JL + Standby ignores file names and look at file headers
A4
« Standby will find aliases and find the real file locations
23ai

CDB %E%

Standby —=——=
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Data Guard | Re-use Data Files

Looking for file like on primary

Primary E_%__? \

Recovery scanning directory +DATA/DB_BOSTON/... for any matching files
JL Deleted Oracle managed file +DATA/DB_BOSTON/...

N Successfully added datafile 37 to media recovery

Datafile #37: +DATA/DB_CHICAGO/DATAFILE/users.269.1103050009

Standby %_%?

Follows alias and finds the real file
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What happens with enabled recovery
if the standby fails to find the data files?
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Enabled Recovery | Missing Data Files

What if a standby database fails to find data files?

+ |If Active Data Guard and PDB Recovery Isolation is turned on
« New feature in Oracle Database 21c
* Recovery disabled for PDB
« Recovery proceeds in the entire CDB, except in specific PDB
+ Standby automatically restores data files from primary and re-enables recovery afterward
« PDB protected after auto-restore

* If not, recovery halts in the entire CDB
+ This is a critical situation
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@ What about AutoUpgrade
g and enabled recovery?
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Enabled Recovery | AutoUpgrade

The current version (24.1) does not support
plugging in with enabled recovery

» Enabled recovery requires work on both primary and standby hosts
* You must execute commands at specific times

* It's complicated - but we're working on it
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Deferred Recovery

1

Enabled recovery
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2

Deferred recovery

create pluggable database ...

Standby records PDB creation
Standby ignores data files
MRP skips redo

PDB protected after restore

standbys=none



Deferred Recovery

182

SHUNCE
wow-C

systemol.dbf
sysaux@l.dbf
users@l.dbf

Server 1

— B

undo@1.dbf
. 58
N
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Plug-in and
re-use data files

Server 2

5+4;4de

//stemel.dbf
E - sysaux@l.dbf

e

users@l.dbf
undo@1.dbf

systemol.dbf
sysaux@l.dbf
users@l.dbf

[+~+7o]
\ undo@l.dbf
\ o
Restore da%(”?@aw
SN



Deferred Recovery

Target
Primary

88 - .

f- e O | standbys=none;

SQL> create pluggable database ...

Source

4
Non-CDP g_@
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Deferred Recovery

g%g SQL> create pluggable database ...
[« ¢ 0]

standbys=none;

J

P

\ PDB created

Data files missing
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% SQL> show pdbs
%—g CON_NAME OPEN MODE

R PDB1 READ WRITE

SQL> show pdbs

J
g—% CON_NAME OPEN MODE

o PDB1 MOUNTED

185  Copyright © 2025, Oracle and/or its affiliates



186
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SQL> select name, recovery_status
from v$pdbs;

NAME RECOVERY_STATUS
PDB1 DISABLED




187
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RMAN> restore pluggable database
. from service ... ;

SQL> alter pluggable database
enable recovery;
SQL> alter database datafile
. online;




Deferred Recovery

T
8

e « Automated process in
g_% RMAN> restore pluggable databaé\

$ 10 . from service ... ; Oracle Database 21c

\H, SQL> alter pluggable database .

Vv enable recovery; - PDB Recovery Isolation

QL> alter database datafile

%g% ... online; ; )
S — — * Requires Active Data Guard
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Further Details

Webinar:

Move to Oracle Database 23ai —
Everything yvou need to know about Oracle Multitenant — Part 1
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https://dohdatabase.com/webinars/
https://dohdatabase.com/webinars/

-.._EGI Don't jeopardize your Data Guard

« Test the procedure and verify your environment
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EE—-;? Share resources between PDBs
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Resource Consolidation
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milUHWi.,«

Consolidation Strategies?

There is no "best" strategy

N\
I Don't mix PDBs with different SLAs

Total memory consumption minus 20%-30%

| Increase consolidation factor slowly

) Constrain PDBs with instance caging (CPU_COUNT)

) Be open to start with a completely new naming schema

SEk

[c-="3]
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Using a Swingbench benchmark,
a single-core machine could host nine non-CDBs
before reaching 75 % CPU utilization

By going multitenant the number of databases reached 123 PDBs
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A US Health Care provider managed to

» Reduce the number of database instances by 7x

* Reduce the number of physical servers by 50 %
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You can run multiple CDBs on the same
host and out of the same Oracle home

199 Copyright © 2025, Oracle and/or its affiliates



|| EEE Schema consolidation

> Virtual Private Database
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E(lll

PDB consolidation

* Less complexity
 Better isolation

» Operational benefits
» Easier cloning



A global provider of financial services states

The muititenant architecture gives us complete client separation out of the box,
without having to maintain a Virtual Private Database setup.

We went away from Virtual Private Database
and consolidated our different clients in individual PDBs.

This reduced the complexity of our database implementation
and made operations much easier.
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oo Avoid noisy neighbors

+ Allow sharing resources
but everyone must get a fair share
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Method 1

203 Copyright © 2025, Oracle and/or its affiliates

Instance caging

* Most simple
« Define CPU_COUNT for each PDB

e Hard limit



8 CPUs

Method 1

£

CPU_COUNT

T
N

N

L All non-CDBs
CPU_COUNT[2 share 7 CPU

E CPU_COUNTE3]]
E
E
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Method 1

205
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z@maﬁmm@@m

8 CPUs

CDB vever uses more thav 7 CPUs,

CPU_COUNT=7 < despite sum of PDBs
At peak, use more resources,

but never deplete the CDB

CPU_COUNT| /

PDBs might fight over CPUS,
CPU_COUN but each process gets a fair share

CPU_COUN



Method 2
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Memory allocation

« Simple
+ Define SGA_TARGET for each PDB

e Hard limit
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8 GB memory

SGA_TARGET=7G
PDB may vever use more than 4G
of shared memory

SGA_TARGET+4G /

SN T T Ifall PDBs are active,
- cache management comes iwto play

SGA_TARGET+4G



oooo Requires use of

-------- Automatic Shared Memory Management

e Bothin CDB and PDB
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Optionally, allocate minimum
shared pool and buffer cache for a PDB

« Use SHARED_POOL_SIZE and DB_CACHE_SIZE
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@ You can combine method 1and 2

* Instance caging and memory allocation
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Method 3

211
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Simple Resource Manager

» FElaborate, yet simple to implement
+ Enable CDB resource manager
« Allocate minimum shares instead of hard limits

« For advanced use cases



Method 3

£

212 Copyright © 2025, Oracle and/or its affiliates

[<]

-4
-
ol

) <

afff)

Gl

8 CPUs

CPU_COUNT=7

At peak, may use up to 5 CPUS

CPU_MIN_COUN /

4 CPUs are reserved,

CPU_MIN_COUN
- = 3 are free for all

CPU_MIN_COUN



Method 3

£
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8 GB memory

SGA_TARGET=7G

At peak, may use
SGA_MIN_SIZE=2G up o 4G shared memory

SGA_MIN_SIZE=1G J

SGA_MIN_SIZE=1G



Requires Resource Manager at root level

(I (I [
NHH
<L <]
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alter session set container=cdb$root;

exec dbms_resource_manager.clear_pending area;

exec dbms_resource_manager.create_pending_area;

exec dbms_resource_manager.create_cdb_plan('CDB_PLAN');
exec dbms_resource_manager.validate_pending_area;

exec dbms_resource_manager.submit_pending_area;

alter system set resource_manager plan=CDB_PLAN;
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Method 4

216 Copyright © 2025, Oracle and/or its affiliates

Advanced Resource Manager

Requires additional configuration, but much greater control

« Use directives instead of shares



You can still control resources inside a PDB
with Resource Manager
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| . What about |/O?

» Exadata /O Resource Management
* Or, MAX_MBPS and MAX_IOPS
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You can run multiple CDBs on the same
host and out of the same Oracle home
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Inter-instance Resource Management

Shares resources like with non-CDBs:

 CPU_COUNT
.+ SGA_MAX_SIZE

Inter-instance CPU resource manager:

+ Controls resource sharing using Linux c-groups

» (Check RESOURCE MANAGER CPU SCOPE

+ Exadata Database Machine and Autonomous Database

MNew In

2331
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https://docs.oracle.com/en/database/oracle/oracle-database/23/refrn/RESOURCE_MANAGER_CPU_SCOPE.html

[2lée A word about
il automated maintenance tasks
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L Friday

Saturday

Sunday

— Monday

N

[WMaivtenance window

2
Root ‘
PDBT1
PDB2

PDB3

222
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Automated Maintenance Tasks

% % > >
£ T R A s
Root ‘ ‘ ‘
PDB1
PDB2
PDB3 ‘
\ Twnactive, max 2 PDBs
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doivigy maivtenance E



alter system set autotask max_active pdbs=3;
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Automated Maintenance Tasks

> >
E z g g g
5] ke = c 5
= T R A >
Root ‘ ‘ ‘
PDBI1
PDB?2
PDB3 ‘
\ Active, all PDBs
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alter session set container=PDB2;
alter system set enable_automatic_maintenance_pdb=false;
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L Friday

Saturday

Sunday

— Monday

f/ Disable maivtenance

E
Root ‘
PDB1
PDB2
PDB3

227
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Shift maintenance windows

+ Optionally, shorten maintenance windows



Automated Maintenance Tasks

AepuolN —

Aepung  —

Aepinies —

Aepuq —

Aepsiny| —

Root

affiliates

right © 2025, Oracle and/or its

PDBT
PDB2
PDB3
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Automated Maintenance Tasks

AepuolN —

Aepung —

Aepinjes —

Aepuq —

Aepsiny| —

Root

affiliates

right © 2025, Oracle and/or its

PDBT
PDB2
PDB3



Selectively disable individual maintenance
tasks using DBMS_AUTO_TASK_ADMIN

* Does a test database need Automatic Segment Advisor?
* Or Evolve Advisor?

231 Copyright © 2025, Oracle and/or its affiliates




[2lé? Resource Manager prevents maintenance
s tasks from stealing resources from users

+ Consumer group ORA$AUTOTASK
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alter system set " _exclude_seed cdb_view"=false;

233 Copyright © 2025, Oracle and/or its affiliates



©)
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1
2

3

Get started with Multitenant

Understand plug-in on standby databases

Finetune your container database



Lunch Break

We start again at 13:30
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Data Pump Top Tips

Supercharge data loading/unloading




Always use
Data Pump Bundle Patch




-> More than 200 functional
< and performance fixes

» Data Pump Recommended Proactive Patches For 1910
and Above (Doc ID 2819284.1)
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https://support.oracle.com/epmos/faces/DocumentDisplay?id=2819284.1

Importing a complete application with data
drops from almost 2.5 hours to 48 minutes —
by just applying the Data Pump bundle patch

A global provider of financial services



Always ensure dictionary
and fixed objects statistics are accurate

N




Ensure dictionary and
"n " fixed objects statistics are accurate

+ Before export
 Before import
« Immediately after import
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242

begin
--dbms_stats.gather_dictionary_stats;
dbms_stats.gather_schema_stats('SYS');
dbms_stats.gather_schema_stats('SYSTEM');
dbms_stats.gather_fixed_objects_stats;
end;

/
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begin
--dbms_stats.gather_dictionary_stats;
dbms_stats.gather_schema_stats('SYS');
dbms_stats.gather_schema_stats('SYSTEM');
dbms_stats.gather_fixed_objects_stats;
end;

/

Copyright © 2025, Oracle and/or its affiliates

"After gathering dictionary
stats, our Data Pump export
went from 46 to 8 minutes”



Use parallel and
multiple dump files




--Apply parallelism by simply specifying a degree
expdp ... parallel=8

--Use different parallel degree on import
impdp ... parallel=32
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)

Oracle Cloud Infrastructure

Number of OCPUs

Number of ECPUs / 4

Copyright © 2025, Oracle and/or its affliates

On-prem (x86-64)

2 x physical cores

On-prem (other)

Depends



expdp ... parallel=8 dumpfile=exp%L.dmp
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expdp ... parallel=8 dumpfile=exp%L.dmp filesize=10G
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-- After export, store a checksum in the dump file.
-- Detects in-flight corruption or alteration.
-- Specify other algorithms using checksum_algorithm parameter.

expdp ... checksum=yes

impdp ... verify_checksum=yes
verify only=yes
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Transportable jobs can use parallel
in Oracle Database 21c
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expdp ... full=y transportable=always parallel=16
expdp ... tablespace=<list> parallel=16

impdp ... parallel=16
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Parallel Transportable | Benchmark

Oracle E-Business Suite database
600.000+ objects

Export parallel 1 2h2m
Import parallel 1 6h 44m
Total 8h 46m
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Export parallel 16
Import parallel 16
Total

T 8m
1Th 23m
2h 31m



Always convert to
SecureFile LOBs

N




__@ You get the fastest LOB operations
= with SecureFile LOBs
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2007

Oracle Database 11g Release 1
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select * from dba_lobs where securefile='NO"';
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O If exporting SecureFile LOBs is slow,
— apply 19.23.0 Data Pump Bundle Patch

+ Alternatively, trick Data Pump with fake stats
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https://dohdatabase.com/2023/10/26/data-pump-and-faster-export-of-securefile-lobs/

By applying the Data Pump Bundle Patch
our 4.3 TB export with huge LOBs went
from over 21 hours to 3 hours 22 minutes

A European government agency
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... Plus, by increasing parallel
from 4 to 12 the export dropped
to 1 hour 51 minutes

A European government agency
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... Finally, we moved
to faster ASM based storage
bringing it to 1 hour 7 minutes

A European government agency
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@ Do you still have BasicFile LOBs?

+ Use DIY parallelism during export
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https://dohdatabase.com/2023/10/10/data-pump-and-faster-export-of-basicfile-lobs/

--Converting a BasicFile LOB to SecureFile during import,
--is faster than not converting it.
--Overview of Oracle LOBs (Doc ID: 1490228.1)

impdp ... transform=lob_storage:securefile
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Importing as BasicFile LOBs
imported "SCHEMA"."TABLE"

Importing as SecureFile LOBs
imported "SCHEMA"."TABLE"
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31.83 GB

31.83 GB

681025 rows in 804 seconds using direct_path

681025 rows in 261 seconds using external_table



@ Do you still have LONG and LONG RAW?

o

» Deprecated since Oracle8i
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-- Convert LONG to CLOB, and LONG RAW to BLOB on import
-- Be sure to change your application as well,
-- PL/SQL interface for accessing LOBs and LONGs are not the same

impdp ... transform=long_to lob:y
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Speed up imports by using
NOVALIDATE constraints




A Constraint Can Be

VALIDATED All data in the table obeys the constraint.
The database guarantees that data is good.

NOT VALIDATED  All data in the table may obey the constraint.
The database does not know if data is good.
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Most constraints are VALIDATED

—i10
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= On import, Data Pump creates constraints
/ in the same state as in the source

X <

:
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create table sales ( .... );
Recursive full +table scan

insert into sales as select ... ; S
ecursive full table scan

alter table sales add constraint c_sales_1 check (cl in (@,1)) enable validate;j
alter table sales add constraint c_sales_2 check (c2 in ('A','B')) enable validate;
alter table sales add constraint c_sales_3 check (c3 > @) enable validate;

Recursive full +able scan
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-- Add constraints with NOVALIDATE keyword regardless of state in source database
-- Significantly speeds up add constraints for larger tables

impdp ... transform=constr_novalidate
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alter table sales add constraint c_sales_1 check (cl in (@,1)) enable novalidate;
alter table sales add constraint c_sales_2 check (c2 in ('A','B')) enable novalidate;
alter table sales add constraint c_sales_3 check (c3 > ©) enable novalidate;

/

No full table scan
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alter table sales add constraint c_sales_1 check (cl in (@,1)) enable novalidate;
alter table sales add constraint c_sales_2 check (c2 in ('A','B')) enable novalidate;
alter table sales add constraint c_sales_3 check (c3 > ©) enable novalidate;

Database validates vew rows
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Benchmark, 1 billion rows

Importing VALIDATE constraints

10-AUG-24 00:32:28.716:
10-AUG-24 00:36:42.762:
10-AUG-24 00:45:41.226:
10-AUG-24 00:55:35.787:

W-1 Processing object type TABLE_EXPORT/TABLE/TABLE_DATA

W-1 . . imported "FUSION"."hwr_topic_t1l" 151.2 GB 1044625000 rows in 254 seconds using external_table
W-1 Processing object type TABLE_EXPORT/TABLE/CONSTRAINT/CONSTRAINT
W-1 Completed 7 CONSTRAINT objects in 594 seconds

Importing NOVALIDATE constraints

10-AUG-24 00:14:56.050:
10-AUG-24 ©0:19:10.311:
10-AUG-24 00:29:20.841:
10-AUG-24 ©0:29:21.101:

W-1 Processing object type TABLE_EXPORT/TABLE/TABLE_DATA

W-1 . . imported "FUSION"."hwr_topic_t1l" 151.2 GB 1044625000 rows in 254 seconds using external_table
W-1 Processing object type TABLE_EXPORT/TABLE/CONSTRAINT/CONSTRAINT
W-1 Completed 7 CONSTRAINT objects in 1 seconds
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NOVALIDATE constraints prevent
the optimizer from certain query rewrites

—i10

» Check QUERY REWRITE INTEGRITY
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https://docs.oracle.com/en/database/oracle/oracle-database/23/refrn/QUERY_REWRITE_INTEGRITY.html

Validate constraints after import, or even after go-live

276

Still requires a full scan of the table

But can use parallel query
And no table lock!
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https://youtu.be/lgFc0cduPJk?feature=shared&t=299

] Mg
Exceptions |

Data Pump always validates certain constraints:
1. OnDEFAULT ON NULL columns

2. Used by a reference partitioned table

3. Used by a reference partitioned child table
4. Table with Primary key OID

5. Used as clustering key on a clustered table




Use with care if
you are transforming data on import
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—— Also available in Oracle Database 19c
via 19.23.0 Data Pump Bundle Patch

» Plus patch 37280692 - or be on 19.27
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Even faster index imports

N
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New In Use index size to determine
25" parallel degree on index creation

« Coming in future 23ai Data Pump Bundle Patch
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Index Creation

impdp ... parallel=16

Before 121
Worker 1
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CREATE INDEX ....

Really 900d for fey, big) indey,
es

PARALLEL 16



impdp ... parallel=16

From 12.1

Worker 1 CREATE INDEX ....
Worker 2 CREATE INDEX ....

Worker 16 CREATE INDEX ....

283

CREATE INDEX ....

Copyright © 2025, Oracle and/or its affiliates

Reall
Y good for many sy a1 indexe
S

PARALLEL 1
PARALLEL 1
PARALLEL 1
PARALLEL 1



impdp ...

From 23

Worker 1
Worker 2
Worker 3
Worker 4

parallel=16

CREATE INDEX ....
CREATE INDEX ....
CREATE INDEX ....
CREATE INDEX ....

284 Copyright © 2025, Oracle and/or its affiliates

PARALLEL 1
PARALLEL 8
PARALLEL 4
PARALLEL 3

The bes+ of bot) Worlds



How Data Pump Create Indexes

1 (Calculate the optimal parallel degree

2 Createindexes
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How Data Pump Create Indexes

1 Calculate the optimal parallel degree

+ Always parallel 1 when a table is less than 150 MB
» Customizable via INDEX_THRESHOLD

* Get optimal parallel degree using EXPLAIN PLAN
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SQL> explain plan for create index il on t1(cl) parallel;

Explained.
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SQL> explain plan for create index il on t1(cl) parallel;

Explained.

SQL> select * from table(dbms_xplan.display(format => "'ALL'));

- automatic DOP: Computed Degree of Parallelism is 4 because of degree limit
- estimated index size: 655K bytes
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How Data Pump Creates Indexes

2 C(Create indexes

* One worker creates small indexes (parallel 1) in large batches

» The next worker starts with the biggest index (measured by optimal parallel degree)
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How Data Pump Creates Indexes

impdp ... parallel=16

Worker 1 CREATE INDEX ... CREATE INDEX ... CREATE INDEX ... CREATE INDEX ...
PARALLEL 1 PARALLEL 1 PARALLEL 1 PARALLEL 1

Worker 2 S PARALLEL 15 o et

Worker 3 N oARALLEL 7

Worker 4 S pARALLEL 3

Worker 16
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Benchmark, 1 billion rows

Importing with 19¢ settings constraints

10-AUG-24 00:55:35.830: Job "SYSTEM"."SYS_IMPORT_TABLE_01" successfully completed at Sat Aug 10 00:55:35 2024 elapsed 0@ 00:23:09

Importing NOVALIDATE constraints + new index method

10-AUG-24 ©1:48:38.844: Job "SYSTEM"."SYS_IMPORT_TABLE_01" successfully completed at Sat Aug 10 01:48:38 2024 elapsed 0 00:10:40

291 Copyright © 2025, Oracle and/or its affiliates. O



__@ We expect much better result
i with more complex schemas
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—— We'd love to see this feature
in Oracle Database 19c

 Planned for future Data Pump Bundle Patch
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Use Data Pump Bundle Patch

Use parallel

Gather stats



Autonomous Database

A migration approach




Q The idea?

A mostly self-managed database
environment, taking care on many tasks
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https://unsplash.com/@lukearam?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/photos/a-man-sitting-at-a-desk-in-front-of-a-computer-BpTqCNotBLI?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
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"It’s that sort of attitude that has tui‘ﬁed
some DBAs into inflexible dinosaurs.
You've got to evolve or die, people!"

Tim Hall

" https://oracle- base com/blog/2017/10/02/orac1e autonomous-database-and-the-death-of-the-dba/
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Autonomous Database - Where?

Public cloud

Autonomous Database

Cloud@Customer

Autonomous Database in a VM
environment




Serverless Infrastructure Dedicated Infrastructure

(Public Cloud) (Public Cloud, Cloud@Customer)
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dne Autonomous Database - Workload Choices

Autonomous
Data Warehouse (ADW)

» Data Warehouse, Data Mart
* Data Lake, Machine Learning

l=i>

Autonomous
Transaction Processing (ATP)

» Transactions, Batch, Reporting, IoT
* Application Dev, Machine Learning



Migration Planning
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Modernization and Migration

Autonomous
‘ DEIEES
Exadata Dedicated

Base Database

... but not every database can migrate to ADB
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[,;_?&. Migration to Autonomous Database is
E always a logical migration

« Move the data, not the database
 Spoiler: There may be another option soon
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https://www.oracle.com/database/upgrades/#adb-migration

Oracle Database
AutoUpgrade wtility

Cloud Migration Advisor
(CMA)

Autonomous Database

Migration

Database migration
resources

Load data into Oracle
Database

Hands-0On Lab Training
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Move to Autonomous Database

1. Estate Explorer
Identify and map potential targets for the migration to
Oracle ADB,

> Learn more about Estate Explorer

2. Cloud Pre-Migration Advisor Tool (CPAT)

CPAT analyzes your source Oracle Database metacata for
compatibility with your intended Oracle Autonomaous
Database target and migration mathed. It suggests a course
of action to resolve each potential incompatibility it finds in
the source,

> Learn more about CRAT

3. Cloud Migration Advisor (CMA)

CMA analyzes the CPAT repart from your source database and
provides detailed technical advice about likely migration targets and
methods,

»  Learn more about CMA
The tool gives you technical advice on the various migration options:
« Database Migration Service (DMS)
« Zero Downtime Migration (ZDM)

« Oracle Avtonom DB Migration Autormation
{In bita status currently, contact us).



https://www.oracle.com/database/upgrades/

2

Estate Explorer

Identify and map potential

targets for the migration to
Oracle ADB.

—
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Source Database
Action Beguired
Rervirm Roguirnd
Rerviea Suppested

Paksaa

CPAT

Cloud Pre-Migration
Advisor Tool — download

from MOS Note: 27583711

Move to Autonomous Database

I can coouctsagration wnsnar

CMA
Cloud Migration Advisor,
GUI landscape overview.

The tool gives you
technical advice on the
various migration options.

-

DMS
Database Migration Service

ZDM
Zero Downtime Migration

AMA

Oracle Autonomous DB
Migration Automation

In beta status currently.

Contactme


https://www.oracle.com/database/cloud-migration/estate-explorer/
https://support.oracle.com/epmos/faces/DocumentDisplay?_afrLoop=107972386933173&id=2758371.1&_afrWindowMode=0&_adf.ctrl-state=13n5cz0gy1_4
https://alexzaballa.com/starting-with-cpat-cloud-premigration-advisor-tool-part-1/
https://www.oracle.com/database/upgrades/
mailto:mike.dietrich@oracle.com
https://www.oracle.com/database/zero-downtime-migration/
https://www.oracle.com/cloud/database-migration/

Oracle Estate Explorer

Analyze 1000’s of databases in
just a few hours

View innovative visualizations
and detailed reports

Provide a detailed TCO to compare
on-premises and cloud

Optimize your Autonomous | Py ———————_|
Databases using Elastic Pools

2000

o
]
&)
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CPAT - Cloud Premigration Advisor Tool

;‘JL_Iﬁl

MOS Note: 27583711

premigration.sh
premigration.cmd

bin

README . txt

misc

lib

p32613591_ 112048 Generic.zip
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Discovers information from non-CDB
or PDB individually on a per-DB basis
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https://support.oracle.com/epmos/faces/DocumentDisplay?id=2758371.1

|

T

Download CPAT from MOS Note: 2758371.1

4 F o Patch 32613591: Cloud Premigration Advisor Tool (CPAT) for version 11.2.0.4 and Higher

Last Updated 11-Feb-2025 17:31 (12 days ago)

Product Oracle Database Upgrade Assistant Size 8.6 MB Release Oracle 11.2.0.4.8
Download Access Software
Release Orade 11.2.0.4.8 p : Platform  Generic Platform
" Classification General
Platform Generic Platform Patch Tag Language American English

Bugs Resolved by This Patch

List of bugs fixed is not available. Consult the Readme. Read Me Download I (S} AddtoPlan | ¥

Analyze with OPatch... |
View Related Knowledge to this Patch

All-time Downloads S0 View Trends

(57 Discuss this patch in the community |
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CPAT Howto

Links to the Complete Blog Post Series about CPAT (alexzaballa.com)

» Part 1- Starting with CPAT

» Part 2 — Options for Running CPAT

» Part 3 - Running CPAT

» Part 4 - Troubleshooting CPAT

» Part 5 - CPAT Checks

» Part 6 — CPAT New Features — December — 2024

© EAQ



https://alexzaballa.com/starting-with-cpat-cloud-premigration-advisor-tool-part-1/
https://alexzaballa.com/running-cpat-cloud-premigration-advisor-tool-part-2/
https://alexzaballa.com/running-cpat-cloud-premigration-advisor-tool-part-3/
https://alexzaballa.com/troubleshooting-cpat-cloud-premigration-advisor-tool-part-4/
https://alexzaballa.com/cpat-checks-cloud-premigration-advisor-tool-part-5/
https://alexzaballa.com/cpat-new-features-cloud-premigration-advisor-tool-part-6/
https://alexzaballa.com/cpat-frequently-asked-questions/

HTML Report

ORACLE

Thu Jan 30 14:03:27 UTC 2026

Cloud Premigration Advisor Tool (CPAT) Report

CPAT Version: 24.11.1
Werson Date: Nov 18, 2024
Days Since Last CPAT Update: 05 days

Table of Contents

+  Premigration Advisor Report Summary
+  Report Details

Repaort Analysis Notes

Source Database Details

Source Database Version Informaticn
Source Database Patch information
Source Database Rede Information
Premigration Advisor Chack Details List
. Reopart Legend

~ Report Results Overview

Source Database Target D: Method Tasks
ction Required a Action Required & Action Reguined o Action Required L]
Review Required 1 Review Required L] Review Required 1 Review Required 1
Review Suggested 3 Review Suggested L] Review Suggested o Review Suggested 4
Passed L Passed 1 Passed o Passed a

Return to Table of Contents
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HTML Report

~ Report Details

S:’:U:wm 2411
Povort Cunarsiad Thu Jan 30 13:41:09 UTE 2025
Analysis Mode: FULL
Target Cloud Type: ATPS
Migration Method(s): [DATAPUMP]
Command Line ing j i loud ATPS --sysdba G5! -~outdir fh _24_11_1/GS! --logginghevel FINE --outfleprafix GSI --
Options: migrationmethod DATAPUMP --reportformat HTML TEXT --resultievel RO
More Datalls
Return to Table of Contents

314 Copyright © 2025, Oradle and/or its affiliates E



HTML Report

* Report Analysis Notes

> Source Database Details

+ Source Database Version Information
+ Source Database Patch Information

» Source Datab Redo Infi tion
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~ Source Database Details
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HTML Report

~ Promigration Advisor Check Details List

Sewrce Database

=T g

|+ astion Recuires {4 checks )

|> Forvirer Aesgairesd [ 1 chack |

|» Forvierw Sugpested [ 3 checks |

 Action Required ( 4 checks )

!) ith Objects but No Quota

[+ Passed 18 chocks)

Target Datsbase

(R TR

E) User Defined Objects in SYS

t) User Defined Objects in SYSTEM

|> Aection Regpired [ 8 Chechs )

[ meview meirea 15 ensess

!) tor User Objects in 5Y5

[+ mrview sugpested | 5 checks |

[+ Passed (12 chacis)

Migration Method

[EE O

[ maview Roguirea (1 chack)

Additionsl Tasks

[T —

|» e Heguired [1eheca |

|! Raview Suggestad | 4 checks |

[+ Passed (8 cnacz)

B 12 Tabie o Corvares
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~ Review Required (1check )

E> 100 Password Version

~ Review Suggested ( 3 checks )

I> Unavailable Options for Servertess

!) Streams Pool Size for Data Pump

!’ Enabled Schaduler Jobs

|> passed (5 checks)




HTML Report

Source Database

317

Expand AN Close All

"= Action Required (4 checks )

!> Users with Objescts but Ne Quota

I) User Defined Objects in SYS

[> user Dotmed objects in svsen

I) References to Wser Objects in Y5

~ Review Required ( 1check )

[> 100 Paseword version

~ Review Suggested ( 3 checks )

|> Unavailabis Gptions for Serveriess

I) Streams Poal Size for Data Pump

|> Enablod Schadulor Jobs

Action Required [ 4 checks )
|F Usars with Objects but No Quata
D iption: Obyects in the source database belonging to wsers without relevan tablespacs quota (or who have not been granted UNUMITED TABLESPACE)
* will not be migrated to 1he tange! environmenil.
Action: ASIGN N AEOPORTEDE QUOTE fo all Bated LA (Of grant thede uiers UNLIMITED TABLESPACE] belore inflisting the migraticn 10 complene transfer
d af their data o the target emvironerant, Pleass rafer to the Reprt Anaslyais Notea for sdditional infarmation ralated to this chock
Warn Dataly

LISERNAME
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ABISWAL
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DEVSINGH
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UNLIMITED_TABLESPACE

NO

NO

NO

NO

NO

i

[> Passed (5 checks)
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TABLESPACE_NAME

USERS_T_S.0M

USERS_T_S.01

SHARED_T_M_01

USERS_T.S.01

usERs T 5 01

|EEDE T & m

MAX_BYTES

524788000

104857600

536870020

584804736

1048EFE00

AETIREANN

ANAYTE_SEG_SITE

YES

YES

YES

YES
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Optional: Load data into CMA

Oracle Cloud Migration Advisor

Home

‘ Oracle Cloud Migration Advisor

Welecome to the Cloud Migration Advisor (CMA)

Oracle Cloud Migration Advisor brings you the expert technical knowledge of Oracle Database upgrade and migration development teams, combined with
more than a century of combined real-world experience with customer migrations, to give your customer the best possible migration advice

With Guided Mode, CMA will quickly tell you

= Which databases can be most easily migrated to Oracle Autonomous Database, or
= What is the best migration method to move chosen databases to a desired Oracle Cloud platform?

For more options, you can

# Create and configure migration scenarics using Create Project, or
= Access your existing migration projects and scenarios. with My Awvailable Projects.

Mow it is time to start - let's move to the Oracle Cloud!

PO e |
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Project Overview

T, Loader B Databases [ Source Hosts % Target Environments A, Network Details Valii =
Databases Source Hosts Scenarios Solutions

Use this section to load source database details from CSV, CPAT or OEM.

Lead databases from JSON Generate DEM emcli Driving
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Project Overview

Oracle Database Version

19.23.0
W 19.24.0
W 19.220

100

50

1- Oracle Database 19¢
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Project Overview

Salect the “Target Types™ and the “Migration Methods™ you want to consider in this scenaria.

Server tyoes 49 advise
B
ADED - Autonomous Database Dedicated 33 ADBS - Autenomous Database Serveriess
ExaDB C@&C - Exadata on Cloud@Customer 5 Oracle Autonomaous Database@Azure
ExaDB Dedicated - Exadata on Dedeated nfrastruciure
ExaDB X5 - Exadata on Exascale Infrastructure. <
Oracle Autonomous Database@GCP -

o B Ehre oe s Thien 1w 1ied S3lulions, the ke tyoe wilh The highe prisfity (1om) on (i S will be ibected

Allgwed migraton Tectnclogees
8 Enterprise Manager (B Golden Gate (B OCI Services

H o don™t want anp wnselect it

Migratian methads fo Bchide

| B
Classic Export and Import utiities 33 ZDMLogieal Oniine
Data Pumg Conventional Exporifimport 2ZDM Logical Offine
Data Pume Full Transpartable ? 2DM Physical Offine
Data Purmng Full Transpartable + RMAMN Convert ¢ ZDM Physical Driine
Data Pumg Impaort with DBLink «
Mote ¥ there tied salutions. o ¥ on B Bat
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Project Overview

£ Target Ervironment

(= Wigratien Metheds

] Eheeks Result

QL Search AN Test Cotumns o Actsons
Target Nama Final Score Complesity Scare.
ighar
| A0 - mssrameun ot Serens | am [T
L BB Ves

Cracte ALsanomous Database@ AT

Aulo-Puiching  Auto-Security  Administrator
dhkkkk hkkkk koo

dedddedk  dedrdedkd &

e

Hste: The gr s nty

selecting antiver methad from ancther tamget.

Thiss Secticn Showd the possible migration meshads for the selecied trget ype and databiss. You can change the defined migrnion method and teget by clicking on the

*Select™ buton ().
“ou can alsa check the instructions o simply chck on the card and read maone details about it an the “Decision Log”,

322

The Logical Onfine Migration Workfiow in 20M
Severages Duts Pump for initial load and on Oracks
GoldenGate for syncheonization purposes and 1o
presarwd the anline portion of the migration

o ZOM Logical Offline
& Complesty: Easy | Downtire: Medium
Migration Sceee: 897

‘Tha Logical Offine Migration Workfiow in Z0M

Wevnrigs Dt Pusr for data ranster and target in-

starniation. Some Zero Downtime Mgraticn kegcal
e 4 iy

trasler b

process. rache 200 separate node
and connect 10 both Source and Target 10 perform
the migration.
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Baad Iatructions

the target database.

Riad intrections




i i
CMA - How to get the tool?

Send us an email — it is an APEX app

* Vagrant build

 Zip file ready to be installed into ADB-free
* Oracle internal: cma.oraclecorp.com
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Migration Execution
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Logical Migrations

Move your data, not your database

How do you approach it?
» Full database export?
* Schema export?

We have tools

* ZDM - Zero Downtime Migration

» DMS - Database Migration Service

*  AMA - Autonomous Migration Automation
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Why no Full Database Export?

Oracle Autonomous Database is different
 Different admin user

* No DBArole

+ Different key role names

* You can't put anything in SYS or SYSTEM

+ XML Binary schema objects are not supported

» Libraries are not really supported

» Database Links and External Tables require extra work

Be aware that certain objects aren't part of schema exports!
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AMA - Autonomous Migration Automation

Before you start ...

Before you start On-Prem Before you start ADB-S Target

Enable OLAP/Java in ADB
Gater sys/system stats
create migration user
enable restricted session

set job_queue_processes to 0
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AMA - Autonomous Migration Automation

Preparation: o —— Proparation Actity on ADB-S Target
Collect allowed ROLES
Creale ROLES
Collect Profiles
Creale Profiles
Create Storage Credential (Object Storage / NFS)
Export Users
Import Users
Importing Functions & Types
Granting Migration Privileges to Users
Altering user profiles
Collect SQL Profiles/Plans/Paiches
Creating SOL Profiles/Plans/Paiches
— |

328
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AMA - Autonomous Migration Automation

Export and import:

329

A 2

Export Data Pump

Export ALL Schemas
Export Audit

v

CcorPY

Copy ALL Dump Files
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Import Data Pump

Import ALL Schemas
Import Audit




B

AMA - Autonomous Migration Automation

. )
Final tasks: Final
Generaling foreign key in different schama
Generating index in different schema
Granting SYSTEM Privs to Users/Roles
Granting SYS Privs to Users
Granting CTXSYS Privs 10 Users/Foles
Create Profile Function

Restore Final Profiles

Enable Queues

Recompile database objects

Drop ADE Credentials

Revoke Transition Privileges

Enabiing Functional Indexes

Granting OBJECT Privileges to Roles & Users
Granting Roles to Users

Enabling AQs

Enabling AQs
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Important Things To Consider
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NFS vs Object Storage

We recommend to use NFS instead of object storage for the migration
» Easier to setup

« Performance seems to be better

* NFS requires "private endpoint access only"

i in .
o ERR R Create File System Helo
Restrict access to a private endpoint
within an OCI VCN. This workflow creates a new File System. To get started, choose the type of File System you want to create. Then, you can keep

the provided information or click Edit details to change it. Click Create to finish.

File System for NFS File System for Replication
Create a File System and an associated Export in a Create an unexported File System. Unexported File
Mount Target. You can mount and access the File Systens can be used as target File Systems for repli-
System as soon as it is created. Learn more about cated data. Learn more about replication.

v

mounting File Systems.
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Pre-Defined Services to connect to ADB

Parallel by Resource Shares T
Default (when 100%) P

TPURGENT Manual Highest priority short-running queries

TP N 8 short-running queries and transactions

For regular workloads, use TPURGENT, TP or LOW

LOW N 1 short-running queries and transactions
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Tools out-of-the-box

SQL Developer Web

Web-based Function rich,
low code development env

No client software needed

334 Copyright © 2025, Oradle and/or its affiliates

Oracle REST Data Services

Execute SQL and PL/SQL

Build Data Models,
generate DDL statements

Monitor and manage the DB

d

APEX

Ability to REST enable a
schema and autogenerate
REST endpoints for tables,
views, and procedures



Autonomous Database Essentials

Autonomous Database Serverless

OCl Documentation for everything Database Documentation for everything
“outside” the database “inside” the database

i.e deploy, start-stop, manage through the console i.e. schema, capabilities, using the database through a connection

1aas paas
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Do you plan to migrate to Autonomous Database?

Talk to us — we will guide you!



©)
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1
2

3

Find the right candidates for ADB

Follow our migration approach

Ask us about your ADB migration project



Break

We start again at 15:15
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Cross-Platform Migrations

Pushing the limits




Photo by jean wimmerlin on Unsplash


https://unsplash.com/@jwimmerli?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/photos/a-hippopotamus-in-the-water-with-its-mouth-open-AIzfQnf3uog?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash

Introduction

Who is who?
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342

ANDREAS GROETZ

Oracle DBA Tech Lead
Entain Services Austria GmbH
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Entain is one of the world's largest sports betting
and gaming groups. Leveraging the power of the
Entain Platform, they bring moments of

excitement into their customers lives through
more than 30 iconic brands such as bwin, Coral,
Ladbrokes and many more. =

—
Entain operates on over 140 licenses across 40+
territories and employs over 29,000 talented

workforce. Entain is listed on the London Stock

Exchange and is a constituent of the FTSE 100
Index.



Ladbrokes BETMGM  sporting[ic(

CORAL*  DBwWiIn Evroser=

SuperSport partypéker



Challenges

What is special, what makes it so complex?
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Migration Challenges
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SPARC SuperCluster %>
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Exadata X9M Extreme Flash
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Migration Challenges

180TB
size
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ZDLRA
SPARC SuperCluster %>
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Migration Challenges

15TB
redo/day
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@
ZDLRA
SPARC SuperCluster %>
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Migration Challenges

g’é}a %% El’-" EEEE

ZDLRA E
SPARC SuperCluster %> Exadata X9M Extreme Flash

O =0 =O
EEB
5 Physical Standby DBs

Local, and in different region, 2500km away
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Constraints

Limiting factors, and other things to know
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Up to 15TB redo/day is beyond what
Oracle GoldenGate will be able to synch

The system is highly active 24 x 7 x 365



https://unsplash.com/@mihaly_koles?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/photos/red-bridge-over-body-of-water-during-daytime-Gp6edfzf0qM?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash

Very large database,
very constrained downtime

» 180+ TB database size
* 5-6 TB growth/month
» Every minute of downtime costs $$$

=
5]
>
8
2
°
i
o


https://unsplash.com/@iamthedave?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/photos/low-angle-photography-of-green-leaf-tree-rw2sFOdBszI?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash

Migrating tablespaces upfront or
separately definitely not an option

« Way too many cross-dependencies
» Tablespaces aren't isolated




Every complex Oracle data type you
can imagine is used

» XML binary types
» Nested partitioned tables
» Evolved object types



https://unsplash.com/@mihaly_koles?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/photos/red-bridge-over-body-of-water-during-daytime-Gp6edfzf0qM?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/@lintin9095?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/photos/white-concrete-building-KN8W0Q8H3gI?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash



https://unsplash.com/@mihaly_koles?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/photos/red-bridge-over-body-of-water-during-daytime-Gp6edfzf0qM?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/@lintin9095?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/photos/white-concrete-building-KN8W0Q8H3gI?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/@gaspanik?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/photos/black-metal-gate-with-closed-signage-iaSzwYccV28?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash

The available Oracle V4 PERL
migration scripts would have been
worked technically, but ...

* No section-size backup support
* No standby backup support
* No selective PDB migration support


https://unsplash.com/@morgane_lb?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/photos/gray-asphalt-road-with-white-line-TXouC7AKUCs?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash

Migration
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Typically, we use Full Transportable Export/
Import for large cross-endian migrations
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Concept

Sonrce Targe+
SW\‘K’WNV\ Data Pump PDB
Adcce Full Transportable 234
Lﬁ Export/Import Qj
—
= = e

SYSTEM SYSTEM

Mb{ﬁa?% n
a plug-

Read-onl
’ . ME%‘SBJF% por+t
difforans andianpgormaty, )

@ F— tomtllQlabiBARSRAM —> ﬁF

g convert
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Scripts for Incremental Backup Automation

Backup / restore / recover

S q¥
S >
XTTS vi1 XTTS v2 XTTS v3 XTTS v4 M5
Doc ID 13895921 Doc ID 13895921 Doc ID 13895921 Doc ID 24712451 Doc ID 29991571

Copyright © 2025, Oracle and/or its affiliates

- No multisection backups

- No encrypted tablespaces

- Inefficient parallelism

- Incomplete multitenant support



ﬁ‘ M5 is the next-generation cross-platform
Cl
9

transportable tablespace procedure

» New RMAN functionality combined with
Full Transportable Export/Import

» Doc ID 29991571
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https://support.oracle.com/epmos/faces/DocumentDisplay?id=2999157.1

M5 Migration Script

The new migrations scripts superseeding the V4 PERL scripts



S

|
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# source database
RUN

{
ALLOCATE CHANNEL d1 DEVICE TYPE DISK FORMAT '...';

)

ALLOCATE CHANNEL d2 DEVICE TYPE DISK FORMAT '...';
BACKUP

FILESPERSET 1
SECTION SIZE 64G

TAG UP19 L0 240206101548
TABLESPACE <list-of-tablespace>;
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# source database

RUN

{

ALLOCATE CHANNEL d1 DEVICE TYPE DISK FORMAT '...';
ALLOCATE CHANNEL d2 DEVICE TYPE DISK FORMAT '...';
BACKUP

FILESPERSET 1
SECTION SIZE 64G
TAG UP19_L@_240206101548

TABLESPACE <list-of-tablespace>;
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# target database

RUN

{

ALLOCATE CHANNEL DISK1 DEVICE
ALLOCATE CHANNEL DISK2 DEVICE
RESTORE ALL FOREIGN DATAFILES
'<backup-set-1>",
'<backup-set-2>",

'<backup-set-n>"

18

HHHHW

TYPE DISK FORMAT ‘.
TYPE DISK FORMAT ‘.
TO NEW FROM BACKUPSET

3

3



Benefits

M5 procedure supports:

* Encrypted tablespaces

+ Multisection backups

*  Migrating multiple databases into the same CDB simultaneously
»  Compressed backup sets

+ Better parallelism
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Requirements

» Source and target database must
* be1918.0 or higher

» use Data Pump Bundle Patch
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@ Always use the latest version of M5 script

» Download from Doc ID 29991571
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https://support.oracle.com/epmos/faces/DocumentDisplay?id=2999157.1

Use Block Change Tracking
for faster incremental backups

e Check the License Guide for details
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Migration Plan

LOCAL REP
i STBY  STBY

S-+8+

SPARC 1
M8sc ¥
Wigration
FTEX + W5 Exadata
X9M-EF

& & &

Disaster Recovery Site

®
G868
SPARC

M7 SC
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M5 Workflow

£ o =
% - D 008 [2

R = x
% ZDLRA
A
SPARC '\0\ X 0\“& Exadata
SuperCluster ol ;> X9M Extreme Flash
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M5 Workflow

« Download M5 script from Doc ID 2999157
» Configure shared NFS
+ Editdbmig_ts_list.txt

» Editdbmig_driver.properties

+ Create new, empty target database
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https://support.oracle.com/epmos/faces/DocumentDisplay?id=2999157.1

M5 Workflow

g - R
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?@ ZDLRA g

SPARC > Exadata
SuperCluster 7 X9M Extreme Flash
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M5 Workflow

+ Startinitial level O backup
» Use driver script dbmig_driver_m5.sh L©

» Driver script creates a restore script

* Restore using restore_L@_<source_sid> <timestamp>.cmd
+ Checklogs
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M5 Workflow
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M5 Workflow

Start level 1incremental backup
* Usedriver script dbmig_driver_m5.sh L1

» Driver script creates a restore script
* Restore using restore_L1 <source_sid> <timestamp>.cmd
+ Checklogs

» Repeat as often as desired
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M5 Workflow
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M5 Workflow

* Maintenance window begins
» Read-only sessions can still use the database
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M5 Workflow

Final Final
Backup restore

@@g ZDLRA@ L

SPARC > Exadata
SuperCluster 7 X9M Extreme Flash

M
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M5 Workflow

Final
Backup

« Start final level 1incremental backup
* Use driver script dbmig_driver_m5.sh L1F

+ Sets tablespaces read-only
» Performs level 1incremental backup
« Starts Data Pump full transportable export

+ Optionally, shuts down source database
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M5 Workflow

Final
restore

 Driver script created a restore script
* Restore using restore_L1F_<source_sid> <timestamp>.cmd
+ Checklogs
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M5 Workflow

Export
Import

% %&ig

s ©

SPARC

SuperCluster
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M5 Workflow

Copy Data Pump dump file to DATA_PUMP_DIR

» Use import driver script in test mode

e Startimpdp.sh <dump_file> <restore_lLog> test
» Check generated parameter file

* Useimpdp.sh <dump_file> <restore_Log> run

Check Data Pump log file
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Wanna try it out?

LiveLabs QB8 Evant Code 3] Signin

Next-Level Platform Migration with
Cross-Platform Transportable 7 Share
Tablespaces

& 1hour, 30 minutes

Oracle LiveLabs - Run the lab just inside your browser!

SCAN ME




The Project Plan

Timelines and the Run Book
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Overall Project Timeline

PoC, HW order

Initial tests, HW setup

l I

|

Migration Tests, Bug Fixing, Standby  Stress Test Go-live

]

—

2021/2022

May 2022

Information
exchange and
first meeting

Oct 2022

Exadata and

PoC Phase
HW order &
delivery

ZDLRA setup
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Apr 2023

Exec Escalation

Hot phase started

Oct 3, 2023

Dec 2022

First mild
escalation

Real dry run with
PROD and FTEX
downtime

Oct 17,2023

Live migration
completed
successfully




Key to Success: Runbook

Complex projects absolutely require a detailed runbook

Responsible/Responsible Start Time Duration End Time S_tart End TimeACt$?rLSetart Actual Ac%';l]eEnd

ID Task Status Primary Secondary  Predecessor ! ime
Person Person (@) | (i) (- (@) (IST) (I5T)

Comments -
Duration (CEST) Blocker

(CEST)

e This run book covered over 200 individual tasks
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Timeline Live Migration
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How many people were involved?

T
6 DBAs Managers Q\f’@ﬁ
0y 2 data center
r@y‘g‘\(@]{g\ @ engineers mﬁé
288 T o e
2-%}‘%ﬂ%ﬂe YarRoom (t(@{@j
2 monitoring, @ﬁ@@
ti
%% %@ﬁ@%@& communication Il

10 testing
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Migration Issues

Some of them...
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Where we started ...

PoC first FTEX export:

01-0CT-21 ©5:32:36.275: Job "SYSTEM"."SYS_EXPORT_FULL_©1" successfully completed at
Fri Oct 1 ©5:32:36 2021 elapsed © 04:25:22

PoC first FTEX import:

05-0CT-21 01:48:59.534: Job "SYSTEM"."SYS_IMPORT_FULL_©1" completed with 103000
error(s) at Tue Oct 5 ©1:48:59 2021 elapsed 3 18:34:09



The way forward ...

80 SRs opened and solved in various areas

5 merges

18 one-off patches

Daily calls with Oracle, countless evening / night / weekend hours
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Optimizer Statistics

Scheduler jobs

Resource Manager

Cross Schema objects

AQ

Evolved Types/partitioned nested tables
Binary XML

Standby DBs



https://unsplash.com/de/@justinchrn?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/de/fotos/gelbes-clip-schild-yRcq80gAQgo?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash

Issue 1 | Long Running Metadata Import

Fix applied to remedy export errors

BUG 34201281 - MERGE ON DATABASE RU 19.12.0.0.0 OF 33963454 34052641

Result:

393

Now Full Transportable import alone took over 6 days (!!)

08-JUN-22 16:21:17.887: W-1 Processing object type DATABASE_EXPORT/.../PROCACT_INSTANCE
14-JUN-22 18:56:58.813: W-1 Completed 108 PROCACT_INSTANCE objects in 527737 seconds

14-JUN-22 19:15:50.016: Job "SYSTEM"."SYS_IMPORT_TRANSPORTABLE_@1" completed with 316 error(s)

at Tue Jun 14 19:15:49 2022 elapsed 6 06:45:38
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Issue 1| Long Running Meta Import

Long running action identified via tracing:

UPDATE "POSTMAN"."T_MAIL_LOG"
SET "C_CVAR"=SYS_REMAP_XMLTYPE("C_CVAR")

e 300+ million rows

Issue in internal package DBMS_CSX_INT
« Fast merge of XMLTYPE is not happening as expected
* Reason: Incorrect internal check query

+ Tokens between source and target are not identical
* Reason: Different Endianness
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Issue 1| Long Running Meta Import

Solution:
« Use workaround from MOS Note: 2309649.1 in UPGRADE mode
MOS Note: 2309649.1 - How to Migrate Large Amount of Binary XML Data between Databases

25-JUL-22 12:28:40.813: Job "SYSTEM"."SYS_IMPORT_TRANSPORTABLE_01" completed
with 317 error(s) at Mon Jul 25 12:28:40 2022 elapsed 0 04:33:03
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https://mosemp.us.oracle.com/epmos/faces/DocumentDisplay?id=2309649.1

Issue 2 | Metadata API and Nested Tables

Full transportable import errors out for a nested partitioned table

PLS-00172: string literal too long
ORA-39151: Table "DBA_XY"."X_GAMES" exists.
All dependent metadata and data will be skipped due to table_exists_action

Root cause was a string overflow in the Metadata API
« Data Pump creates the index, and then alters it — here the overflow happened
 Side effect was a misleading error message
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Issue 3 | Data Pump Bundle Patch

Many of the TTS and Metadata fixes got included into Data Pump Bundle
« Data Pump Recommended Proactive Patches For 1910 and Above (Doc ID 2819284.1)

AP RU 1918.0
DPBP 19.18.0
DPBP 1917.0 Migration Release
DPBP 1914.0 All required fixes
are included
DPBP 1915.0 DPBP 1916.0

Fixes missing r j Fixes missing

397 Copyright © 2025, Oracle and/or its affiliates



https://support.oracle.com/epmos/faces/DocumentDisplay?id=2819284.1

Issue 4 | Evolved Object Types

Evolved TYPEs can lead to Data Pump errors during transportable import:

ORA-39083: Object type TABLE:"APPUSER"."CARS" failed to create with error:
ORA-39218: type check on object type "APPUSER"."CAR_TYPE" failed
ORA-39216: object type "APPUSER"."CAR_TYPE" hashcode or version number mismatch

Further Information:
« Blog Post: Understand why Data Pump errors with evolved types
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https://dohdatabase.com/2023/04/17/understand-why-data-pump-produce-ora-39218-or-ora-39216-on-evolved-types/

Using evolved types in table definitions
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--Create a new type. The type is now version 1

--Use the type in a table

CREATE TYPE CAR_INFO_TYPE IS OBJECT (model VARCHAR2(40));

CREATE TABLE CARS (id number, car_info car_info_type); —rhc‘prais wouzchhnw@
INSERT INTO CARS VALUES (1, car_info_type('Volvo V90'));

--Make a change to the type. The type is now version 2
ALTER TYPE CAR_INFO_TYPE ADD ATTRIBUTE horsepower NUMBER CASCADE NOT INCLUDING TABLE DATA;

INSERT INTO CARS VALUES (2, car_info_type('BMW 530i', 250));

- xing dota is wot updarted
--Make another change to the type. The type is now version 3 Existing

ALTER TYPE CAR_INFO_TYPE ADD ATTRIBUTE color VARCHAR2(20) CASCADE NOT INCLUDING TABLE DATA;
INSERT INTO CARS VALUES (3, car_info_type('Hyundai Sonata', 160, 'Black'));
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Evolved Types

SELECT * FROM CARS

CARS

1

d

car_info_type v1: Volvo V9O

2

car_info_type v2: BMW 530i, 250

3

car_info_type v3: Hyundai Sonata, 160, Black

401
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DICTIONARY

car_info_type v1

model

car_info_type v2

model, horsepower

car_info_type v3

model, horsepower, color




Data Pump recreates types during
Full Transportable Export/Import
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MM il mmm H] H\‘ w
Evolved Types |

» To avoid data corruption,
Data Pump must recreate the exact same type evolution in target database

* Due to implementation restrictions,
it is not always possible to recreate the exact same type evolution

* In such situations, to avoid corruption,
Data Pump reports ORA-39218 or ORA-39216 on import
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1 Conventional Data Pump export

2 Manually recreate type in target database with matching evolution

3 Recreate type without evolution before export

Blog post with details
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https://dohdatabase.com/2023/04/17/understand-why-data-pump-produce-ora-39218-or-ora-39216-on-evolved-types/

Issue 5 | Advanced Queueing

Queue table
Source database
<queue_table_name> 4—’//////
AQ$_<queue_table_name>_E
AQ$_<queue_table_name>_I
AQ$_<queue_table_name>_T
AQ$_<queue_table_name>_F
AQ$_<queue_table_name>_C A>
AQ$_<queue_table_name>_D
AQ$_<queue_table_name>_G
AQ$_<queue_table_name>_H
AQ$_<queue_table_name>_L
AQ$_<queue_table_name>_P
AQ$_<queue_table_name>_S
AQ$_<queue_table_name>_V Quene

infrastructure
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Target database

<queue_table_name>

AQ$_<queue_table_name>_E
AQ$_<queue_table_name>_I
AQ$_<queue_table_name>_T
AQ$_<queue_table_name>_F



Issue 5 | Advanced Queueing

Queue tables and underlying objects may change during import

* COMPATIBLE during creation of queue tables matters

* COMPATIBLE during import matters as well

* MOS Note: 2291530.1 - Understanding How AQ Objects Are Exported And Imported
» Blog post: Changing data types in queue tables during import

Options:
* Recreate the queue tables with "old" COMPATIBLE setting
« Benefit from new COMPATIBLE setting and test the application
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https://support.oracle.com/epmos/faces/DocumentDisplay?id=2291530.1
https://dohdatabase.com/2023/05/01/why-does-user-id-columns-change-data-type-when-you-recreate-a-queue-table/

Take into account when comparing source
and target databases' object count

—i10

* Understanding How Advanced Queueing (AQ) Objects
Are Exported And Imported (Doc ID 2291530.1)
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https://support.oracle.com/epmos/faces/DocumentDisplay?id=2291530.1

Data Pump does not start queues

Ei

« Manually start queues after migration
* Use DBMS_AQADM.START_QUEUE
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Issue 6 | Default Tablespaces A

Due to a security fix export wants to write into the user's default tablespace
* Bug 27692190
« But default tablespaces are read-only while full transportable export runs

Workaround:

« Change default tablespace for all users to SYSTEM

* Full Transportable Export

+ Full Transportable Import

« Revert default tablespaces back to original in target (and source)

409 Copyright © 2025, Oracle and/or its affiliates E



A S AP
EXLA,
REE s

Issue 7 | Exporting Statistics

Exporting statistics is slow using

DBMS_STATS . EXPORT_SCHEMA_STATS

®-

10046 trace reveals long runtime on:
EXP_STAT$ ey EXpression Statistics for Auto-Indexing
EXP_OBJ$

Default: _column_tracking level=53;
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Issue 7 | Exporting Statistics
Clean up expression statistics in:
™ EXP_STAT$

EXP_OBJ$

|

MOS Note: 2803002.1

DBMS_STATS.EXPORT_SCHEMA_STATS

results in:
ORA-00600 [qosdExpStatRead: expcnt mismatch]
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Issue 7 | Exporting Statistics

- Fix for Bug 31143146

¥
Included since RU 19.12.0

‘
Disabled by default
¥
exec dbms optim bundle.set fix controls('31143146:1','*', 'BOTH', 'YES');

DBMS_STATS.EXPORT_SCHEMA_STATS works fast and flawless

_column_tracking level=1
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Issue 8 | Auditing

Tablespaces containing auditing tables can't be set read-only

Data Pump always unloads the audit records into the dump file
» Huge audit trail will lead to a huge dump file and longer outage

Options:

« Export audit records, and eventually import them afterwards
» Archive audit records, purge the audit trail
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2

3

Practice, practice, practice

Create a detailed runbook

Work together



Oracle

DBAs

run the world
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https://www.youtube.com/@upgradenow

¢ No buzzword

e 300+ videos

* New videos every week

No marketing

All tech
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https://www.youtube.com/@upgradenow

Thank You
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