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ABOUT PYTHIAN

Pythian’s 400+ IT professionals
help companies adopt and
manage disruptive technologies
to better compete
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EXPERIENCED

11,800

Systems currently
managed by Pythian

&

GLOBAL

400

Pythian experts
in 35 countries

EXPERTS
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Millennia of experience
gathered and shared over
19 years
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What to Expect

Motivation and Requirements
ldeas and The Solution
Oracle to Aurora (O2A)
Cutover

Issues we faced
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WHAT TO EXPECT



WHAT TO EXPECT

Mind who's in front of you

Oracle DB Expert (wannabe) - AWS - MySQL Noob
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WHAT TO EXPECT

My goal is not:
you how to use AWS DMS
of success with DMS
In the technical details

My goal Is:
and how we did it

to a fun
on what to look out for
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MOTIVATION, LANDSCAPE AND REQUIREMENTS



THE MOTIVATION

DB Support contract expiring in 2018 Q3

Moving towards Future

Decision to move away from Oracle DBs
and use AWS Aurora MySQL for everything

| might be using terms
«Aurora» and «<MySQL>»
interchangeably

© 2018 Pythian
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THE LANDSCAPE

The project starts in Q1
till the deadline

... and it is a hard deadline
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THE LANDSCAPE

One RDS for Oracle instance (11.2)
Used by

Can’t move all apps at the same time:
Not enough resources

Too much risk This presentation
is only about
: Phase 1
Milestones:

— move one app and it's schema (400G)
Phase 2 — Move the 3 others later
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THE LANDSCAPE

Complications:
Cross schema

Remaining apps still In Oracle for 2+ months
Good news:
Only access required
In the DB

few triggers / views and packages
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THE REQUIREMENTS

Is that enough? _ _
The First app to be moved in 4 months g
ot enough

1 practice switchover available — in QA time for an
offline move
for the cutover

Conclusions:
Replication or “Incremental refresh”
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THE IDEAS AND THE SOLUTION



THE IDEAS

Connect Oracle to Aurora (like a DB link)
Refresh data on Aurora until the cutover
Use something similar to MVs
... Or triggers to propagate DML

But...:
Oracle Database Gateway for MySQL not available on RDS
Sounds way too complicated anyway
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THE IDEAS

Replication is the way to limit the cutover time

Options:
was NOT considered
AWS Database Migration Service (DMS)
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THE SOLUTION

was selected!

Advantages:
+ Built by AWS — well tested on RDS Whheergrzat\r/l?swe
+ One Stop Shop (AWS) o
+ Supports CDC

Doubts:
Previous experience from a year ago
when the tool was just recently announced was not great
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THE SOLUTION
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Full Load: Table by Table in parallel
Ongoing Replication: CDC, Logminer based
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THE SOLUTION: REPLICATION APPROACH A

Before the Cutover of Application 1
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THE SOLUTION: REPLICATION APPROACH A

After the Cutover of Application 1{0{\”&&‘A ﬂ7§ 1
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THE SOLUTION: REPLICATION APPROACH A

What happens at the cutover:
1. Stop the app
2. Stop the DMS replication O2A
3. Reconnect the app to Aurora MySQL
4. Start replication from Aurora to Oracle (A20)
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THE SOLUTION: REPLICATION APPROACH A

What happens at the cutover:
1. Stop the app
2. Stop the DMS replication O2A
3. Reconnect the app to Aurora MySQL
4. Start replication from Aurora to Oracle (A20)

The problem:
A20 will work correctly
the data for A20 before it's gone live
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THE SOLUTION: REPLICATION APPROACH B
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THE SOLUTION: REPLICATION APPROACH B




THE SOLUTION: REPLICATION APPROACH B

Both Replication tasks running at the same time:

— Perform data validations

— Assess the stability of the replication task
— Observe logs for issues
—  Prepare for the cutover
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ORACLE TO AURORA (O2A)



O2A: LEARNING CURVE

| ots of documentation available:

AWS Database Migration Service Documentation
Migrating an On-Premises Oracle Database to Amazon Aurora MySOL
Migrating an Amazon RDS Oracle Database to Amazon Aurora MySQL
Using an Oracle Database as a Source for AWS DMS
Using a MySOQL-Compatible Database as a Target for AWS Database
Migration Service

Pro Tip: Read the documentation before you start the work ;)
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https://docs.aws.amazon.com/dms/index.html#lang/en_us
https://docs.aws.amazon.com/dms/latest/sbs/CHAP_On-PremOracle2Aurora.html
https://docs.aws.amazon.com/dms/latest/sbs/CHAP_RDSOracle2Aurora.html
https://docs.aws.amazon.com/dms/latest/userguide/CHAP_Source.Oracle.html
https://docs.aws.amazon.com/dms/latest/userguide/CHAP_Target.MySQL.html

O2A: OVERVIEW OF IMPLEMENTATION

1. Create target Aurora MySQL instances
2. Install AWS Schema Conversion Tool (SCT) on Your Computer
3. to Oracle and Aurora MySQL
4. Use SCTto from Oracle to MySQL
5. Validate the Schema - compare objects between DBs
6. Create a AWS DMS Replication Instance
/. Create AWS DMS Source and Target Endpoints
8. Create and run the AWS DMS
Q. Migration is successful

10. Remove the Unnecessary Resources
Where is the

cutover?
© 2018 Pythian 30



O2A: 1. CREATE TARGET AURORA INSTANCES

It's tempting to be agile, !
between Oracle and Aurora MySQL
Think about the final settings you’ll need to have in the end
5 Is i &
S==8== Character sets (utf8 vs. utf8mba) Byt%sg gFg oF
Collation (utf8_bin VvS. utf8_general_ci)
Case insensitive table names (lower_case_table_names)
Slow query logging (long_query_time and slow_query_log)

«Performance Defaultsto O
insights» (NO)
might help too —



O2A: 2. INSTALL AWS SCHEMA CONVERSION TooL (SCT) oN
YOUR COMPUTER

Supported on \Windows, Mac OS X, Ubuntu and Fedora

Install required Database Drivers:

— Oracle Database 12.1.0.1 JDBC Driver
— JDBC Driver for MySQL (Connector/J)

There’s nothing really exciting about this part of work ©

© 2018 Pythian
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https://docs.aws.amazon.com/SchemaConversionTool/latest/userguide/CHAP_Installing.html#CHAP_Installing.Procedure
https://docs.aws.amazon.com/SchemaConversionTool/latest/userguide/CHAP_Installing.html#CHAP_Installing.JDBCDrivers

O2A: 3. TEST THE CONNECTIVITY TO ORACLE AND AURORA
MYSQL

Connectivty on your «landscape».

Controlled VDI in our case
... with only ssh access
... to an EC2 bastion host (a jumpbox)
... that had access to the DBs!

Few ssh-tunnels later
| was connected to both DBs from the SCT.
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O2A: 4. Use SCT TO CONVERT THE SCHEMA FROM ORACLE
TO MYSQL

Schema
(1: 1/0/0/0)

Table
(233: 229/3/0/1)

Constraint
(323: 323/0/0/0)

Index
(75: 75/0/0/0)

Sequence
(134: 134/0/0/0)

Trigger
(23:14/6/1/2)

View
(1: 1/0/0/0)

Procedure
(7: 0/0/0/7)

Function
(2: 0/1/0/1)

Package
(1: 1/0/0/0)

“kage Procedure
(1: 0/0/0/1)

Il Objects Automatically Converted

1l Objects with simple actions

Database Migration Assessment Report (PDF)

10

Objects with medium-complexity actions Bl Objects with significant actions

© 2018 Pythian
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O2A: 4. Use SCT TO CONVERT THE SCHEMA FROM ORACLE

® Issue 102:
® Issue 198:
® Issue 207:
® Issue 326:
® Issue 332:
® Issue 340:
® Issue 345:
® Issue 350:

MySQL
MySQL
MySQL
MySQL
MySQL

doesn't
doesn't
doesn't
doesn't
doesn't

TO MYSQL

support the MERGE statement

support GLOBAL TEMPORARY TABLE

support function indexes

support constraints with the status DISABLED
support the procedure dbms output.put line

Unable to convert functions

The handler might cover not all cases

The function cannot use statements that explicitly or implicitly
begin or end a transaction, such as START TRANSACTION, COMMIT, or ROLLBACK
® Issue 524: MySQL doesn't support triggers for multiple events

® Issue 588: MySQL doesn't support more than one trigger per event. A few

triggers were merged

® TIssue 9996:

Internal Converter error occurred

© 2018 Pythian
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O2A: 4. Use SCT TO CONVERT THE SCHEMA FROM ORACLE
TO MYSQL

@ Issue 198: MySQL doesn't support GLOBAL TEMPORARY TABLE
Recommended Action: Try using a temporary table.

Issue Code: 198 | Number of Occurrences: 1 | Estimated Complexity: Significant
Documentation References:https://dev.mysql.com/doc/refman/5.6/en/create-table.html
Schemas QD
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O2A: 4. Use SCT TO CONVERT THE SCHEMA FROM ORACLE

TO MYSQL
Generate the Schema Creation Script

The SCT can:

— Create a «Project» file
— 1 to 1 source-target object mappings
— Record the automatically converted target object definitions
— Record the target object definitions
= the create steps in the target database

Trust required

© Our way: Just create the Initial script _
] _ l.e. Standardise
— Managed it like any other source code dates vs

— wanted more control over datatypes timestamps

© 2018 Pythian | 37



O2A: 4. Use SCT TO CONVERT THE SCHEMA FROM ORACLE
TO MYSQL
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O2A: 4. Use SCT TO CONVERT THE SCHEMA FROM ORACLE
TO MYSQL

SCT helped a lot!
Majority of objects were converted automatically without issues
Seeing a ready-made script was helpful

Remember,
I'm a
MySQL noob
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O2A: 5. VALIDATE THE SCHEMA —
COMPARE OBJECTS BETWEEN DBSs

Extract the object counts from both DBs and compare

The process we ran made sure it was OK without this comparison

Several iterations of:

= the target DB
= the schema creation script
E for errors

May be more thorough validation is required
when everything’s done with SCT?
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O2A: 6. CREATE AN AWS DMS REPLICATION INSTANCE

It's basically just a created by a Wizard

by providing parameters:

— Name
— Instance type (VCPU / RAM)
— Storage size
— Subnet / VPC Security Groups
— KMS Master Key

— Extra Connetion Attributes

© 2018 Pythian 41



O2A: 7. CREATE AWS DMS SOURCE AND TARGET
ENDPOINTS

Endpoints:
[ Target
connection description + special attributes
Replication instance — DB Server
Connection test

cNAME issue with writer and the read replicas

l » «My1» - Writer instance

«My2» - Read Replica

© 2018 Pythian
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O2A: 7. SOURCE ENDPOINT — SPECIAL ATTRIBUTES

aws dms describe-endpoints

{

"Username": "pythian",
"Status": "active",
"EndpointArn": "xxx",

"ServerName": "yyy.vvv.us-east-1l.rds.amazonaws.com",
"EndpointType": "SOURCE",

"SslMode": "none",

"KmsKeyId": "¥**'";

"ExtraConnectionAttributes”: "addSupplementalLogging=Y",
"DatabaseName": "PROD",

"EngineDisplayName": "Oracle",

"EngineName": "oracle",

"EndpointIdentifier": «source_dbol",

"Port": 1521

}s
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O2A: 7. TARGET ENDPOINT - SPECIAL ATTRIBUTES

aws dms describe-endpoints

{

"Username": "pythian",

"Status": "active",

"EndpointArn": "xxx",

"ServerName": "XXXXXXXXXXXXXXX.YYYYYYYYYyyyy.us-east-1.rds.amazonaws.com",

"EndpointType": "TARGET",

"Ss1Mode": "none",

"KmsKeyId": "k**'";

"ExtraConnectionAttributes”: "initstmt=SET FOREIGN_KEY_CHECKS=0;parallelLoadThreads=1;afterConnectScript=set
session sql_mode =

'STRICT_TRANS_TABLES,NO_ZERO_IN_DATE,NO_ZERO DATE,ERROR_FOR_DIVISION_BY_ ZERO,NO_AUTO_CREATE_USER,NO_ENGINE_SUBST
ITUTION,NO_AUTO_VALUE_ON_ZERO,STRICT_ALL_TABLES'",

"EngineDisplayName": "Amazon Aurora MySQL",

"EngineName": "aurora",
"EndpointIdentifier": "target-dbol",
"Port": 3306

b
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O2A: 8. CREATE AND RUN THE AWS DMS REPLICATION
TASK(S)

GUIl-way ... and it's troubles
Simple, unless you need a bit of extra

Lots of tables / rules

settings
Stop — Start/Restart

© 2018 Pythian 45



O2A: 8. DMS Tak GUI

Create task

A task can contain one or more table mappings which define what data is moved from the source to the target. If a table does not exist on the target, it can be created automatically.

Task name* = TEST1 (i ]

Replication instance* | qa-oracle-aurora-rep1 - vpc-eca47689 v O

Source endpoint* source_ v 0
Target endpoint* target-_ + O

Migration type* = Migrate existing data and replicate ongoin.. ¥ €

Did you k
When switcl
Schema Col
convert you
engine of yc
Learn more

Your source database is Oracle. Replicating ongoing changes requires supplemental logging to be turned on.

Please ensure your archive logs are retained on the server for a sufficient amount of time, (24 hours is usually enough.) To set your archivelog
retention on RDS databases you can use the following command: exec rdsadmin.rdsadmin_util.set_configuration(‘archivelog retention hours', 24);

Start task on create

46



~ Task Settings

CDC stop mode

Create recovery table on target DB

Target table preparation mode*

Stop task after full load completes*

Include LOB columns in replication*

LOB chunk size (kb)*

Enable validation

Enable logging

Don't use custom CDC stop mode
Specify server stop time

Specify commit stop time

Do nothing
Drop tables on target

Truncate

Don't stop
Stop Before Applying Cached Changes
Stop After Applying Cached Changes

Don't include LOB columns
Full LOB mode
Limited LOB mode

a7



O2A: 8. DMS Tak GUI

~ Table mappj

Selection rules @

where schema name is like 'AVAIL and table name is like 'TESTZ2', include S G %

where schema name is like 'AVAIL and table name is like ' TESTT', include S @ %

© add selection rule

Transformation rules @

For schema where schema name is like 'AVAIL, rename to 'newprod' & b

© add transformation rule
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O2A: 8. CREATE AND RUN THE AWS DMS REPLICATION

TASK(S)
{
"rules": [ "rule-type": "transformation",
{ "rule-id": «75",
"rule-type": "selection", "rule-name": «75",
"rule-id": "1", "rule-target": "schema",
"rule-name": "1", "object-locator": {
"object-locator™: { "schema-name": "OLD_PROD"
"schema-name": "AVAIL", }s
"table-name": "TEST2" "rule-action”: "rename",
}, "value": "newprod"
"rule-action”: "include" }
}s ]
}
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O2A: 8. CREATE AND RUN THE AWS DMS REPLICATION

4 cat dnc_task. json
{

“ReplicationTaskIdentifier™: “replicate_db1®,
“SourceEndpointArn®: “arn:aws:dms:us-east-1:999999999999 endpaint:aaa”,
dims ;us-east-1:999999999999: endpaint :bbb,

“TargetEndpointArn®: “arn:a

“full-load-and-cdc”,

“MigrationType

“TableMappings*: "{\"rules\":[{\"rule-type\":}"selection\",\"rule-id\":\" 1\, \"ruls-name\":\"1", \ "cbject-Locator)": {\"schema-name\" : | "SCHEMAL) ", | 3 SR o "2\ ncluda\" A rul - typed":\"sabactLom ", \"rude- 100"\ "24° V"ol \2A Vobdact-Tacetort - {\"schems-name) " \"SOHBRALY"  \"babLa-neme\" - =5\"},\"rul
action\":\"include\"}, {1"rule-type\":\"selection\", \ "rule-id\":\"3\",\"rule-nane\":}"3\", \"object -lacatary": {\"schema-name\" : \"SCHENAT\ ", \"table-nana\ wsssn\ "}, \"rule-action\”:\"include\"}, {\"rule-type\":\"selaction) ", \"rule-id\":\"d\", \ "rule-name\": \"#1", \"object -locator” : {\"schoma-name\": ) "SCHEMATL ", " “hA i ncluds\ "}, {\"rule-
typel”:\"selection)”, \"rule-id\":\"5\", \"rule-name\": \"5\" , | "obsje "\ " \"SCHEMATY ", \" " :|\"ewsasaEay "} \“rule-action\":\"include) "}, {\"rule-type\":\"selactionl”, \*rule-id\":\"64",\ "rule-name\" 1 \"6\", | "abs: v "2\ "SCHEMALY ", | " 1A fon\":\"include) "}, {\"rule-type\": \"selection\", | rule-
V474",V rule-name\" 1 \"7\", \"abject - locator) " (" schoma-nane\ " :\"SCHEMALL", \ "table-name\": \"*53 53542\ * | \"rule-action}":\"include}"}, {\"rule-type\ “rule-name\":\"8)", \"cbj "\ " \"SCHEMAT\", \" o *#\"},\"rule-action\":\"include\"}, {\"rule-type\": \"selaction\ ", \"rule-id\": \"9\", \"rule-
ame)":4"94",\ "object - locator\": {|"schema-name\" 1\ "SCHEMAL\" ™ " 1A ian\":\"include)"}, {\"rule-type)":\"selection\”, \"rule-id\":\"101",\ "rule-nane\":\"10\", \ "object - lacatar\": {\" | SCHEMATY "\ SRt 1 \"rule-action\":

\"include\"}, {\"rule-type) " :\"selackion\ ", \"rule-id\":\ "1\
124°, \Crula-neme\ "\ 121", Vobdect-Locetor\“: (\"schems-nams\ " \"SCHEMAI\", "t abla-rimal:\ A0SR\, \rula-action "<\ dncl el 1\ rula-typt s\ salactiond ", rule-id\*
141", \"object - Locator)” : {\"schema-name\": | "SCHEMALL ", " 1A fan\":\"include)"}, {\"rule-type\":\"selection\”, \"rula-id\" :\"15\",\ "rule-name\" :\"15\", \ "object -lacator\": {\"schema-name\ "\ "SCHEMAI\ ", \ "table-
\"SCHEMAT\" | "t able-name\" #5,"}, \"rule-action\":\"include}"}, {\"rule-type\":\"selection\", \"rule-d\":\"17\", \"rule-name\" :\"17\", \ "object - locator} " : {\"schema-name\": \ "SCHEMAT\ ", \ "table-name\ " \ ¥ 5352521} “rul,
wsxsa\"},\"rule-action\":\"include\"}, {\"rule-type\":\"selaction)”, \*rule-id\":\"19\" ,\"rule-name\": \* 191"\ "object - locatar\": {\" schema-name\ "\ "SCHEMAL\ ", : SR fan\" :\"include) "}, {\"rul
nelude\ "}, {\"rule-type)” 14014210, \"rule-name) " :\ 211", \ "sbject-locator\ " : (| "schema-name) " : \"SCHEMAL\ ", \"Eable-name) ~: | "5+#358581"} \"rula-action\’
id\":\"22\", \"rule-name\ "\ "22\",  "object -1 i \"SCHEMATL™ , \ " -actiony":\"include} "}, {\"rule-type\":\"selection\ ", \"rule-id\":\"23\", \"rule-name\":\"23\", \"object -locator\" : {\"schoma-name\": | "SCHEMATL ", \"table-name)": | "*$5s3555,"} \"rule-action\":\"include\"}, (\ "rule-type\":\"selectiont", \ "rule
ame":\"24\", \"object - locator\": {\"schema-name)":\"SCHEMATY" , \ "t able-name)" :\ " 5353535\ } \"rul, include)"}, (\"rule-type\":\" “rule-idy":\"25\",\"rule-nane\":}"25\" | "object - locator\": {\" schema-name\" :\"SCHEKA1\", | "table-nane " \ V"), \"rule-action\":\"include\"}, {\"rule-type\":\"selaction\ ", \"rule-1d\":\"261",\"rule
lacator\": [\"schema-name\": \"SCHEMAT\ " | "€able-nane} " : " = el actiond ™\ dnelude\ "] [V rada- brpe s\ salactiom\ ", rula-idh AT, rula-rams A2V Vobnct- ocwbor ™ (V" sehms-nims]“\"SCHEMALL"  \"tabla-name\ "\ "8RS, 2 rula-sctfom) A" nchida\ AN rula-typed":\ salackLon\", V*rude- 5\°: VDS, A rule-memn V281", \"cbrfact:-Locabor) " {\" schams-
"SCHEMATL", \ "table-nam =837}, \"rule-action| s\ "includel "}, {\"rule-typel "1\ "selection\”, \"rule-1d\":1"291" | "rule-nans\; "SCHEMALY "\ “},\"rule-action\":\"include\"}, {\"rule-type “rule-id\": 138\, \"rule-name\":1"381", \ "object - locatar\": {\"schema-name\": \"SCHEMAL\ ", | "Eable-
ame\" | sEEIEEE\ "} \"rule-action\":\"include)"}, (\"rule-type)":\"selection\”, \"rule-id\": \"311", ) "rule-name\" :\"31\", \ "object-locator\ " A"}, \"rule-action\":\"inc lude\ "}, {\"rule-type\":\"selection)*, \"rule-id}":\ 321", | “rule-name\":\"321", \ "objact - locator\": {\" schema-name}" :\ "SCHEMAT\" , \"table-name\": \" s3sasa52\ "]\ rul,
action\":\"include\"}, {{"rule-type\":\"selection\", \ "rule-id\ " :\"33\", \ "rule-nane\":\"33\", \"object - lacator" : [\ "schema-name\" : | "SCHEMAT\", | include\"}, {\"rule-type\”:\"selection|”, \"rule-id}":\"34,",\"rule-name\" :\" 341", \ "object -locator\": {\"schoma-nane\": | "SCHEMALY ", " SR fon\" :\"include) "}, {\"rul
typed”:\"selection)”, \"rule-id\":\"35\", \" rule-name\ ":\"35\" | "object - locatorl": [\ "schema-name\ " :\"SCHEMAT\ ", \"tabla-name\": | " $*52 5353, "}, \"rule-action\ "\ "include\ "}, {\"rule-type\":) “selection\", \"rul

L \rule-mams\":\" 110", \"object -
13,7, \"rule-nane\":\"131", \"object -locator\": {\"schema-

lacatory”: {\"schema-name\": \"SCHEMATL ", \"table-name) " \"
name":\"SCHEMAT\", | "table-name\":
easananyn) |

=35\"},\"rule-action\":\"include\"}, (\ "rule-type\"
"}, \"rule-action) "\ "include\"}, {\"rule-type\":\"selection\", \"rule-id\":\"18\", \"rule-name\’
include)"}, (\"rule-type\":\"selection\”, \"rule-id\": \"161", ) "rule-name\" :\"16\",\ "object-locator\ "
selection\", | "rule-id\":\" 181", \"ruls-nans\":\"18\", \"abject -lacatory": {\"schama-name\" : | "SCHEMAT\",
type)”:\"seleckion)”, \"rule-id\":\"26\", \"rule-name\ " :\"20\" | "object - locator\": [\"schama-name\ " :\"SCHEMAL\", \"tabla-name\": | " 2525253 "} \"rule-actian

"selaction\”,\"rule-id\"

nama "

action)
action\":\"include\"}, {\"rule-type\":\

“selection\”,\"rul

ype\":\"selection)”,\"rule-
A\ " 244", | rul
iame\": \ 260", \"abject -

selection)’

1d1":1"361", \"rule-name} " :\ 361", | "sbject-locator\": {|"schema-name}" : \"SCHEMAL\ ", \"Eable -name)": | "), \"rule-action\":\"include\"}, [\"rule-type\":\"selection\",\"rule-
AdV" 3T\, A rule-namey 1\ 37\ ", | "abject -1 Sy y b rule-action)":\"include election)”,\"rule-1d\":\"38}", | "rule-name\":\"38\", \ "object-Locator\" : {1"schema-name\": \"SCHEMAT\" , \"table-name) asasasy ) \"rule-action)":\"include)"}, (\"rule-type\":\"selection\", | "rule-id v
name)":4"39\", \"object - locatory": \":\"SCHEMATL" , \ "table-name\" : |\ "*¥353%35\ "} \“rule-action\":\"include}"}, (\"rule-type\":\" 148", \"sbject-locator\": {\"schena-name\": | "SCHEHATY ", | "table-name\" 25\"), \"rule-action\":\"include\"}, [\ "rule-type\" :\"selection}”, | "rule-d\": \"414", \"rule-name}" -\ "41\", \ "object -

lacater": [\"schema-name\" :\"SCHEMALY -nama":\"
ame\":\"SCHEMAT\", \"table-name\": |

Rame\":\"*sasaEaR\ " \*rule-action)

=25\"}, \"rule-action\":\"include\"}, (\ "rule-type\"

" selectiony”, \"rul

idy" \"schema-name":\" S(NEHA]\' \“table-name\":\"*sasese\ ")\ "rule-action)":\
"}, \"rule-action\":\"include\"}, {\"rule-type\":\"selection\ ", \ "rule-id\":\"44\", \"rule-name\": \"44\", \ "ohject - locator\”: {\"schema-name\ " : \ "SCHEMAL\ ", \ " "1\ rul dan\":\"include\ "}, {\"rul
\"include\"}, {\"rule-type\":\" “rule-id\":\"46\",\ "rule-name\" 6\", \ "object-locatory” \"SCHEMAI\",\ "table-name\": **\"},\"rule-action\":\"include\"}, {\"rule-type\":\"selection\",\ "rul
actiont*:\"include\"}, {\"rule-type\": d\*:\"48\", \*rule-name\":\"48\", \"abject - lacatar\" :{\"schama-name\": \"SCHEMATL", +eren\ )\ rule-actiont*: \"include\ "}, {\"rule-type\* :\"salaction\", \*rule-1d\*:\"49\*,\*rule-name\ " *481", | obiject - lacatar\": {\"schema-nane\" : | "SCHEMAL\ ", | “:\*include\*}, {\"rule-
typet:\*selectiaont”, \*rule-3d\":\"50\", \*rule-name\*:\"50\" , \"abject - lacatarl SCHEMATY", \"tabla-name\":\*#*+2 52521} \"rulo-action nelude\ "}, {\"rule-type\* TSEV Ve name\ "\ "SIV, bject-Locator| " 1" achema-nans s \'SCIBIAIL”, \"Lable-name\" 05142, \puli-actient V*selection\*,\"rule-
AV A S\, \ rule-name )" \*52\%, \"abject -1 S\"SCHEMATY®, \* o\ rule-actiony*:\*include\"}, {\"rule: :\*selection}®,\*rule-id\*:\"53\*, | "rule-nane\": \*53\*, \"object - locatory*: {\*schema-name\" : \"SCHEMAT\" , " tabL action)*:\*include\"}, {\"rule-type\*:\ VS, Vel

“58\", \"abject-locatary*: (\"schema-nas 1 \"table-name\":\"*eeses action)*:\"include\"}, {\rule-type\*:\" 554", \"rule-name\": \ "S5\, \ "ebject-locator\": {\" schema-name\":\"SCHEMAT\", \ "table-nane\* action\":\"include\"}, (\"rule-type\": \*selection\", \"rule-id\ “abject-
locater\"s {\"schema-name\ ": \"SCHEMAL\", \ "table- saesseenn\*}, \rule-action\":\"include\"}, {\"rule-type\*:\*selectiont*, \*rule-id\*:\"S7A", \*rule-name\ "\ "57\", | "abject - Locator\": (\"schema-nane\": \"SCHEMAT\"  \"table-name\":\**¥# =45\ "} \"rula-action\": \*include\"}, {\"rule-type\": \"selection\", \"rule-id\*:\"58\", \"rule-nane\*: \*58Y", \ "abject -locator\*: {\"zchema-

“SCHEMATL", \"table-nam ey}, \*rule-actiont*: \"include\"}, {\*rule-type\":\"selection", \rule-3d\*:1"59\", \"rule-name}": \"591*, \ "abject - locatar\’ . “},\*rule-action\*:\*include\"}, {\"rule-type “rule-id\":\*60", \"rule-nane\* :\*60\", \ "object - locatar\": {\"schema-name\": \"SCHEMAL\ ", \ "Eable-
s\fmsmsasan\*} \rule-action)*:\"include\"}, {\"rule-type\":\*selection\*, \"rule-id\": \*611%, \"rule-name\* :\"61\" , \ "object-locator\*: {1*schema-name)*: \“SCHEMAT\" , | "table-name\ "z \*#*+++++5\*} \*rule-action\*:\"include\"}, {\*rule-type\*:\"selection\", \“rule-id\*:\*621*, \"rule-name\": *62\* ,\ "object - locator\*: {|* schema-name\": | "SCHEMAT\ ", \*table-name} " \* #5252 521"} Frul -
action\":\"include)"}, {\*rule-type\":\"selection\", \"rule- id\ *:\"63\", \"rule-nane\*:1"63\", \object - lacatar\": {\"schema-name\": \"SCHEMATL", \table- wereny )\ rule-actiont*: \"include\ "}, {\*rule-type\*:\"selection\", \*rule-id\*:\"60" , \*rule-name\ " : "601", \"object - Locatar\": {\" schema-name\*:\ *SCHEMALY ", \ " tabl “},\"rule-action\":\*include)"}, {\"rule-
e\t selaction”, \ rule- S\ VU651, erula- a1\ 5\", Cabact -locatar\*<(\*schana-name\ " \"SCHERAIL", \tabla-name\ "\ 00\, Pl action) :\include\, {\*rule-type) "\ tsalactiond ", VErule-Ld\": 6817,V rule-name\*: 66\, Vobject-Lacator " (1 achema-name) " \'SOHEALY" \ Eabl. "), \"rule-action\":\"include\ "}, {\"rule-type\": \*selection\*, \"rule-
AV A BT\, rule-name )" \*67\ %, \"abect -1 o “SCHEMATY®, \* v ho\rule-action)*:\“include) "}, {\“rule-type election\",\"rule-id\*:\"681", \"rule-name\“: \ 681"\ “object-locator\": {\"schema-name\" :\"SCHEMALL ", \"Eable-name\ :\"*#=+ 2525\ *} \"rule-action\":\"include\ "}, (\"rule-type\":\"selection\", \"rule-id\": \"68\", \ "rul
name\*:\"69\", \“abject - locator\": {\"schema-nane\":\*SCHEMAT\* , \ “table-name\" :\**** =2+ %\ "}, \*rula-action\" :\"include\"}, {\*rule-type\*:\"selection\", \*rule-id\* :\*70\", \"rule-name}*:\*781*, \"object-locator): {\"schena-name\ *: \"SCHEMATL ", \ “table-name\": | *#**#*5=5\*} \ "rule-action\":\*include\"}, {\rule-type\": \*selectiont*, \rule-id\ " \"TIN", \*rule-name\ s \*711%, \"object -

“SCHEMALY", \"table-name\":\**#*5* 525}, \ "rule-action)*:\*inc lude\*}, {\"rule-type\* ame\":\*72\", \"abject - locatary": (\"schema-nane\*: \"SCHEMAT\*, \ “table-name\*: \ **5### 54\ } \*rule-action\": \include\ "}, {\"rule-type\": \"selection\®, \ "rule-id\*: \"73\*, \ "rule-name\": \*73\*, \ "abject - locator}: {\*schema~

Rame\":\"SCHEMAT\", \"table-nane\*:\** *\*},\*rule-action\*: \"include\ "}, {\"rule-type\ 1\ selection\", \*rule-1d\:1"741 ", \*rule-name\ " \*74*, \"cbiject - locatar\“: {\"schema-nane\" : | "SCHEMAL\ ", " . “},\"rule-action\*: \*include\ "}, {\"rule-type\ :\"selectiont*, \"rule-id\* :\*75\%, \"rule-name\* :\*75\", \"object-lacatarl": {\"schema-name\ " : "SCHEMAL\ ", \ “tabLe-

W A \include\"}, {(\*rule-type\":\*selection\",\"rule-id\": *761", \ *rule-name\ *:\*761", \"object - lacator\ *: {\ *schema-name\ *: " SCHEMAT\®, \ *table-nane\* +41"}, \*rule-action\*: \includet "}, {\*rule-typet:\"selectiant*, \*rule- id\*: \*771*, \ "rule-nane\* :\*771", \ "object -Locator\* : {\"schema-name\*:\ "SCHEMALL ", \ *tabla-namel " \*#= 5= e2may "} ¥ rul
action\":\"includel"}, {\"rule-type\":\"selection\", \"rule- id\ *:\*78,", \*rule-nane\*:1*78\", \*object -lacatar\": {\"schema-name\": \"SCHEMATL", \table- wereny )\ rule-actiont*: \"include\ "}, {\*rule-type\*:\"selection\", \*rule-id\*:1*79\" , \*rule-name\" : \*791", \"abject - Lacatar\": {" schema-name\*: \ *SCHEMALY ", \ " tabl = “},\"rule-action\":\*include\"}, {\"rule-
oo\ tsslectiont*, \rula-3d\ 2\ 00, Vrula-name\ "2\ 'B0A, VVobject locator\ " (\*schema:name) " \"SGHERATL"  \“tabla-name\":\* #5525, Pl nelude\ "}, {\"rule-type\*:\*selection\", \*rule-id\*:\"B1\", \"rule-name\*:\ "B1\*, \"sbject-locator\": {\"schena-name\": \"SCHEMAL\ ", | "EabLe-nane\ s\ **#*++4 04} \*rule-action\":\"include) "}, {\"rule-type\":\*selection\*, \"rule-
VA B2\, \"rule-name )" :\"B2V "\ 1 S\"SCHEMATL®, \"tabl ction\":\"include\"}, {\"rule-type\": \"transformation”, \rule-3dy* 1 "83\", \*rule-name\": \"B3\ ", \"rule-target\*:\"schema\", \ "object - locator\": {\"schema-name\": \*SCHEMAL\"}, \"rule-action\": \"renane\ ", | "value\ :\ "target_pred\"}]}*,

“ReplicationTaskSettings":

“(\*TargetMetadata\": {\"TargetSchema\":\"\" ,\*SuppartLabs\": true, \"Ful lLobMode\ " true, | "LobChunkSize\*:64, \"LinitedSizel cbiiode\ " false, \ "LobMaxSize\" 18, | "LoadMaxF i leSize\" @, \"Paral e lLoadThreads\ "

:0,\*ParallelL, ize\*:0,\"1 *:false},\"Fulll ings\": {\"Target T, FMode\" | "DO_NOTHING\", \ “CreatePkAfterful lLaad\": falze, \ "StopTaskCachedChangesAppl ied
\*:false,\"StopTaskCachedChangeshathpplied\”: false, \"MaxFul lLadSubTazks\":1,\ “TransactianConsistencyTimeout \*: 508, \ "Cammi tRate\ 10008}, \"Logging\": (\ "EnableLogging\ " true, \"LogCompenent=\*: [{\*Id\*:\"SOURCE_UNLOAD\",\"Severity\" :\"LOGGER_SEVERITY_DEFAULT\"}, {\*Id\":\"TARGET_LOAD\" ,\"Severity\":\"LOGGER_SEVERTTY_DEFAULT\"}, {\"Id\": \"SOURCE_CAPTURE\", \"Severity\":\"L0GGER_SEVERT

nclude) "}, {\"rule-type\":\"selection}”, \"rule-id\" ‘object-locatory": {\" schema-
type)":\"selection\”, \"rule-id\" :\"45\",\ "rule-name\" :\"45\", \"object -lacator\": {\"schema-name\ "\ "SCHEMA1\ ", \"table-
d\":\ "7y ‘47\",\"object-locator\": {\" schema-name\":\ "SCHEMAL\ ", \"table-name\": \ " ** = sasay ] \"rul,

31", \"rule-nam

“selection\”,\*rule-id

name "

N

“selection\’

name

lecater\": {\"schema-name\"

*zelectiont*, \"rul

action

FoA"rul

TY_DERAULTA*}, (\"1d\":\"TARGET_APPLY\", \"Severity\":\"LOGGER_SEVERITY_DEFAULT\"},{\"1d\": \*TASK_MANAGER\",\"Severity\" :\"LOGGER_SEVERITY_DEFAULT\"}],\"CloudtatchLogGroup)”: \" dns- 4 le 11", \" CloudHatchlogStrean\ " \*dms-task-

BADXVUAZTQHCKYWNTMIGPIBEZA\ ), \ “CantralT: ings\*: {\*historyTimes Lot Inti 25,0 DS\, i inutes\":5,\"Hi Lo\ true, \“SuspendedTab lLesTableEnabled\ " Evve, \“Status, *:true},\" g\ (1" LzeInB\" 8, \"C izeInMB\* 15}, \"Chang inghd 1Hand LingPol

dep\ s {A eDroppedy*: true, \" runcated\" :true, \" Ltered\": true},\" ford "z (A icy\":\"L0G_ERROR\" | “DataTruncationErrorPalicy\" 1\ "LOG_ERROR\",\"DataErrorEscalationPolicy\": \*SUSPEND_TABLEY", \* ; t *:\"SUSPEND_TABLE\",\"TableErrarEscal ationPalicy\*: \"STOP_TASK\" ,\*TableEr

rorEacalationCount\ 16, \“RecoverablaErrorCount\* 24, \“Recover sblerrorTnterual\ 5, \ "ecoverablefrar Trokt Ling)true, \ "ecouerab 3 *:1880, \"Apply! LotePolicy\":\" IGHORE_RECORD\,\"applyErrarInsertPolicy\":\"L0G_ERIORL",\"ApplyErrortipdatePalicy":\"LOS_ERRORL', \ \"hpplyErrorEscalationbol icy\":\"L06_ERION\" \"8pplyErrorEscalationComt\":8,\ " AoplyErrorfailonT
false, \"Fulll icts\":true,\"FailOnTransactionConsistencyBreached\” : false, | "FailOndoTablesCaptured\” - false], | "Chang i ingl " [\ ion\":true, \"Batchipply in\":1,\" 138, \ "Batchipp lyMemoryL imit)":500, \ " $4Size\" 28, | "Mi ionSize)” 1808, | "CommitTi 11, \"Memoryl imitTokal\": 1624

R pTine\":60,\"StatenentCacheSize\" 561 )"

1
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O2A: 8. CREATE AND RUN THE AWS DMS REPLICATION
TASK(S)
Some can’t be changed from GUI
... Use AWS CLI and json definition of the task.

What we want to change?
"RecoverableErrorCount" = 24 (from -1)
LOGGER_SEVERITY _DETAILED DEBUG

aws dms create-replication-task
--cli-input-json file://prod-ora2aurora.json
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O2A: 9. VERIFY THE DATA MIGRATION IS SUCCESSFUL

Time to stop the replication!
Is all data processed?
s data ?

Make sure the last redo sequence is processed!
DMS provides data validation!

Unfortunately:
Good for small, simple tables
Unreliable / Unpredictable for others
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O2A: 9. VERIFY THE DATA MIGRATION IS SUCCESSFUL

orac-to-aurora 3

Overview Task monitoring Table stati

Drop and reload table data

Filter: Q

Schema ~ Validation Pending~ Validation Failed ~

cords O 2
WSSScords 0 10

0 0

0 0

0 0

0 0

0 0

0 0

10,000 0

10,000 0

10,000 0

Table completed 0 0 0 0 955 955 Table error 10,000 0
Table completed 0 0 0 0 2,449,966 2,449,966 Table error 2,450,000 0
Table completed 0 0 0 0 433,390 433,390 Validated 0 0

Tahle romnpletad 0 n 0 n 20RA KA1 2Q9RA 564 Validated n il



O2A: 9. DATA VALIDATION

Created a custom data extraction tool
« Scripts that generate data extraction queries
* Run queries against both databases
- Data is written to csv files

* «Difficult» columns are MD5-hashed
— ones except numbers, dates and timestamps

« Compare the outputs with «diff»
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All numbers: DOUBLE,
DECIMAL, INT, LONGING

DATETIME, DATETIME(6)
LONGTEXT, LONGBLOB
VARCHAR

O2A: 9. DATA VALIDATION

Data extraction in MySaql

Extract as is

DATE_FORMAT(COL,'%d.%m.%Y %H:%:i:%S.%f"
UPPER(MD5(COL))
UPPER(MD5(COL))
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O2A: 9. DATA VALIDATION

NUMBER

TIMESTAMP
DATE

CLOB

BLOB, NCLOB

2000+ long CHAR, VARCHAR2
<2000 long CHAR, VARCHAR2

Data extraction in Oracle

replace(trim(to_char(COL,lpad('9',PRECISION, " '9"')|]|"."
| |1pad('9',SCALE,'9'))),"'.",decode(substr(trim(to_cha
r(COL,lpad('9"',PRECISION, '9")||"."||1lpad('9"',SCALE,"'9
'))),1,1),".0 0.0, "))

TO _CHAR(COL, ' 'DD.MM.YYYY HH24:MI:SS.FF6'")

TO_CHAR(COL, 'DD.MM.YYYY
HH24:MI:SS')||decode(COL,null,null, '.000000")

RAWTOHEX (DBMS_CRYPTO.Hash (to_nclob(COL),2))
RAWTOHEX (DBMS_CRYPTO.Hash (COL,2))
RAWTOHEX (DBMS_CRYPTO.Hash(TO_CLOB(COL2))

RAWTOHEX (DBMS_CRYPTO.Hash (UTL_RAW.CAST_TO_RAW(COL),2)
)

B ONIa Dl
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O2A: 9. DATA VALIDATION

mysql -h prod-aurora-db@l-P 3306 -u pythian -p*** --batch --quick -e "SELECT
D,
CUSTOMER_ACCOUNTS_1ID,
UPPER(MD5(DISCLAIMER)) DISCLAIMER,
UPPER(MD5(TYPE)) TYPE,
UPPER(MD5 ( FREQUENCY)) FREQUENCY,
FREQUENCY_RECURRING_DAYS,
DATE_FORMAT (CREATE_DATE, '%d.%m.%Y %H:%i:%S.%f') CREATE_DATE,
DATE_FORMAT (LAST_UPDATE_DATE, '%d.%m.%Y %H:%i:%S.%f') LAST_UPDATE_DATE,
UPPER(MD5(DISCLAIMER_PART2)) DISCLAIMER_PART2
FROM proddb.DATATABLE
ORDER BY 1,2,3,4,5,6,7,8,9
" | sed 's/\t/","/g;s/\n//g' | sed -e '/~$/d' -e 's/"//g' -e 's/NULL//g' -e 's/D41D8CD9I8FOOB20AE9800998ECF8427E//g"
> m_DATATABLE.csv
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O2A: 9. DATA VALIDATION

sql -s pythian/***@prod-ora-db@l_PROD \
<< EOF | sed 's/\t/","/g;s/\n//g' | sed -e '/*$/d' -e 's/"//g' -e 's/NULL//g' -e
's/D41D8CD98FOOB204E9800998ECF8427E//g"' > o_DATATABLE.csv
set feedback off echo off pagesize @ linesize 32000 trimspool on set null NULL arraysize 5000
set sqlformat DELIMITED , " "
SELECT
D,
CUSTOMER_ACCOUNTS_1ID,
case when DISCLAIMER is null then null else RAWTOHEX(DBMS_CRYPTO.Hash(TO_NCLOB(DISCLAIMER),2)) end DISCLAIMER,
case when TYPE is null then null else RAWTOHEX(DBMS_CRYPTO.Hash(TO_CLOB(TYPE),2)) end TYPE,
case when FREQUENCY is null then null else RAWTOHEX(DBMS_CRYPTO.Hash(TO_CLOB(FREQUENCY),2)) end FREQUENCY,
FREQUENCY_RECURRING_DAYS,
TO_CHAR(CREATE_DATE, 'DD.MM.YYYY HH24:MI:SS.FF6') CREATE_DATE,
TO_CHAR(LAST_UPDATE_DATE, 'DD.MM.YYYY HH24:MI:SS.FF6') LAST_UPDATE_DATE,
case when DISCLAIMER_PART2 is null then null else RAWTOHEX(DBMS_CRYPTO.Hash(TO_NCLOB(DISCLAIMER_PART2),2)) end
DISCLAIMER_PART2
FROM HMM_OWNER .DATATABLE
ORDER BY 1,2,3,4,5,6,7,8,9;
exit;
EOF
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O2A: 9. DATA VALIDATION

Does this approach work?
Full load & offline = easy
But what about ?
Speed and Trust?

1. Validate the data 1h before the cutover
2. Record the ID’s that are different
3. Record the max id from each table
4. Re-validate only the identified Ids during switchover
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O2A: 10. REMOVE THE UNNECESSARY RESOURCES

Once the work is done,

We're still

Stop and delete the running the
Oracle-to-Mysq|l
Remove the Replciation...

(Remove the
(Delete the (after the final snapshot))
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ISSUES WE FACED



ISSUES WE FACED

Data type Conversions via DMS

Ora: CLOB — MySQL: LONGTEXT — Ora: NCLOB

Source Data Types for Oracle
Target Data Types for MySOL
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https://docs.aws.amazon.com/dms/latest/userguide/CHAP_Source.Oracle.html#CHAP_Source.Oracle.DataTypes
https://docs.aws.amazon.com/dms/latest/userguide/CHAP_Target.MySQL.html#CHAP_Target.MySQL.DataTypes

ISSUES WE FACED
Some char conversions didn’t work 1 to 1

aw_
[ Query Result
| 4 E] E@ % S0L | AllRows Fetched: 3in 0.044 seconds

it |{ MODULE it PURCHASED_PRODUCT _ID |1t NAME
1 88593 10A5AC 3445 poll1
2 88656 understand_budgets_and_budgeting 3445 10A5A¢
3 88803 get_started_on_your_plan 3449 10A8AL

HEX representations:
Oracle: 3100C380C2A7C380C2A2
Aurora: 3120C380C2A7C380C2A2
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ISSUES WE FACED

Key Collision due to Collate settings
(utf8_general_ci)

«XXX_XXcarseki@xxxxx» == «XXX_XXcarseki@Xxxxx»
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ISSUES WE FACED

Aurora MySOL failed over to Read Replica
The DMS task crashed, and did not restart

We couldn’t use the cNAME, remember?

Set up the monitoring on the Replication Task Status.
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ISSUES WE FACED

DMS task going into a restart loop

We're monitoring the status changes
Binlog on MySQL side was missing
Alert was not raised

"RecoverableErrorCount” = 24 (from -1)

Use AWS CLI and json to change it
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ISSUES WE FACED

11 missing rows in a multimilion-row table
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ISSUES WE FACED

Downsized |pg stored in a BLOB column in MySOL
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SUMMARY



SUMMARY

« DMS works
* Price/performance is awesome
. with the
« Think about
« Validation trouble (at the time of migration)
 Visibly a very important product of AWS / features added often
« SCT simplifies schema creation
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THANK YOU

@MarisDBA
elsins@pythian.com
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