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Safe Harbor Statement ?\\> :

The following is intended t Gjhe our general product
direction. It is intend %‘ormation purposes only, and
may not be incor to any contract. It is not a
commitment any material, code, or functionality,
and should not relied upon in making purchasing
decisions.&ﬂ evelopment, release, and timing of any
features or functionality described for Oracle’s products
remains at the sole discretion of Oracle.
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Traditional Data Dictio
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Data Dictionary

OPT

ables (mysql.*)

events

proc

SYS_*

InnoDB System Tables

D e Filc System
e ————— MyISAM
ﬁ
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%DD tables
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System tables
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Data Dictionary Stora%&’ﬁﬁe

* InnoDB plays an important r 0
* MySQL Data Dictionary Storage @

Single set of persisted meta%! all storage engines
Control meta-data acc ' ingle locking mechanism
Improves table spaces oving .frm files

Optimizations f le access
All DD table§ ar t'into a dedicated DD tablespace(mysql.ibd)

Atomic I?\ ansactional DDL

[TZemis

HIRHEE S
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InnoDB with new DD

* InnoDB initializes internal tables from DD
* InnoDB stores SE specificimetadata to DD

se_private_data 6@\7ate_id row_format, options
(in several table etc.

auto_increme i Internal table id, etc. Row format,
key block size, etc.
X

Index r? id,
Server version
ORACLE

Copyright © 2018, Oracle and/or its affiliates. All rights reserved. |




<7 T

RS
ACMUG
"My SQLI Pl

y
Version QfLQ
* Server version, such as 8.0.
* Stored in DD table and page O of'tablespace, at byte 8
* To identify release with new
* Visible in information_sche odb tablespaces
* Tablespace v rting from 1...

er
* Stored in DD @q age 0 of tablespace, at byte 12
* To identif y e format changes

* Also visi IF=S.innodb_tablespaces

[TZemis

HIRHEE S

ORACLE
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* SDI(Serialized Dictionary In ion)

* ibd2sdi
* IMPORT

ct SDI from tablespaces
RT
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What isg\ %DDL

ORACLE
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Atomic DDL

* Prerequisites \)

» Both atomic DD update and datﬂi te
| SE

* Storing DD metadata in tran%
* Writing necessary S

* Single DD trans& te for DDL

ORACLE
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innodb_ddl_log CREATE TABLE “innodb_ddl_log" (
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Atomic DDL - DDL | téé& ‘
'id” bigint(20) unsigned NOT NULL AUTO_INCREMENT, é
“thread_id" bigint(20) unsigned NOT NULL,
“type” int(10) unsigned NOT NULL,

‘space_id" int(10) unsigned DEFAULT NULL,
‘page_no" int(10) unsigned DEFAULT NULL,
‘index_id" bigint(20) unsigned DEFAULT NULL,
“table_id" bigint(20) unsigned DEFAULT NULL,

“old_file_path™ varchar(512) CHARACTER SET LL bin DEFAULT NULL,
‘new_file_path™ varchar(512) CHARACTER SET utf8 L ~ bin DEFAULT NULL,
PRIMARY KEY (id"),

0

KEY ‘thread_id" (‘thread_id")

) /*150100 TABLESPACE “mysq|l: INE= O_INCREMENT=1 DEFAULT CHARSET=utf8mb4 STATS PERSISTENT=0
One of the DD taple @ in DD tablespace

No row locki

One DDL will e several logs

Changes are persisted immediately, exempted from innodb flush log at trx_commit
Table size won’t grow infinitely

ORACLE
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CREATE TABLE

* Concurrent CREATE TABLE regression

* https://bugs.mysqgl.com/bug.phpfid=87827

* Due to Atomic DDL implementatien
* DD mutex/lock contentigh isyteo hot

* With new DD, it"s fixed by removing the DD
mutex/lock=33-40% saving

Sl

Time for 20 * 100
loop (200K tables)

Time for 100 * 100
loop (1M tables)

57 real 4m30.542s real 22m52.473s
8.0.1 real 4m59.040s real 25m32.688s
8.0.5 real 2m48.158s real 16m56.874s

ORACLE
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ALTER TABLE - back oq/& ‘

* ALTER TABLE tbl_name [alte
* ALGORITHM [=] { DEFAULT | IN
* LOCK [=] { DEFAULT | NON

<7 T

YRR
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cation] ...
OPY }
ED | EXCLUSIVE }

» INPLACE Q
* Not always true%@, ks like ONLINE only
e

* Three phase
* Table has to@
* COPY

* Copy thewhole table with table lock

ORACLE

d for a period of time

Copyright © 2018, Oracle and/or its affiliates. All rights reserved. |
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* ALTER TABLE tbl name ... AL?\\])-I

J T

= INSTANT;

* Does not work with LOCK cla

* New (default) algorithm < :

* Exception: ALGORI
* Internal

 This would be_b@as
 No table oc
* INPLACE €l

ORACLE

TH :® LOCK=DEFAULT
' Ibhetadata change only

als INSTANT in some scenarios

Copyright © 2018, Oracle and/or its affiliates. All rights reserved. |
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ALTER TABLE - INS&NLQ

 Operations which can be IN

RENAME TABLE(ALTER)

SET DEFAULT

DROP DEFAULT 6

MODIFY COLUMN

CHANGE COLU ' | column generation expression)
Change indéx o

* ... P
ORACLE
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ALTER TABLE - INS&NLQ

 Operations which can be IN

RENAME TABLE(ALTER)

SET DEFAULT
| column generation expression)

DROP DEFAULT
MODIFY COLUMN
CHANGE COLU
Change ind
ADD virt mn, DROP virtual column
ADD COL (non-generated)

ORACLE
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ALTER TABLE - ADD C@L‘w

* It could be the most pain p users
* New columns have to be added ig*table) from time to time
* Copy table - time, disk, reso duIe
* Table lock
* Replication 0
. But why? @
InnoDB keep enough metadata in physical record/page

ORACLE
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ALTER TABLE - INSTANT A&

* Only metadata change

* No copy data any more
* No double (or even mor ace

 Smaller final data size
* Forward compatgibi

ALTER TABL
Can be |
Support

ORACLE

Contribution from Tencent ?\0

h old data file

long with other instant operations
MIC/COMPACT/REDUNDANT

Copyright © 2018, Oracle and/or its affiliates. All rights reserved. |
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INSTANT ADD COLUMN - Phys i

record Q/

* New style physical record, ROW _F, @= YNAMIC/COMPACT
* Clustered index

* Leaf pages

Rec h Fields of data

N

ORACLE
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INSTANT ADD COLUMN - Ph

QNAMIC/COMPACT

* New style physical record, ROW

* Clustered index
* Leaf pages

Non-NULL
Variable-length
field

ORACLE

record

Extra bytes

5 bytes First field of data

Last field of data

Copyright © 2018, Oracle and/or its affiliates. All rights reserve
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INSTANT ADD COLUMN - Phys &

X

record

* New style physical record, ROW _
* Clustered index

* Leaf pages

Non-NULL
Variable-length
field

Delete

\ g

e

F@@= YNAMIC/COMPACT

Extra bytes
5 bytes

First field of data

Last field of data

U

inimum record
4 bits (0011)

Number of records owned
4 hits

Heap No.
13 bits

Record type
3 bits

Next record pointer
2 bytes

ORACLE

Copyright © 2018, Oracle and/or its affiliates. All rights reserved. |
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INSTANT ADD COLUMN - PhG‘ o

(L

record

* New style physical record, ROW _
* Clustered index
* Leaf pages

Non-NULL
Variable-length
field

Delete

(4

\ g

e

F@@= YNAMIC/COMPACT

Extra bytes
5 bytes

First field of data

Last field of data

i

inimum record
/ Instant flag - 4 bits (1011)

Number of records owned
4 hits

Heap No.
13 bits

Record type
3 bits

Next record pointer
2 bytes

ORACLE
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INSTANT ADD COLUMN - Ph

record

* Old style physical record, ROW _F

Offset of the end of the
Last field of data

Delete mark

o,

4
<
C

»
6‘ G | T2
T %UNDANT

Extra bytes

First field of data

Last field of data

6 bytes
v
Number of records owned | Heap No. |Number of fields|Flag| Next record pointer
4 bits 13 bits 10 bits 1 bit 2 bytes

ORACLE
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INSTANT ADD COLUMN - Phys
record

* Record created before first INSTANT ADD COLUMN

* |n old format
* Number of fields = Instant caldnms

* Record created after ast INSTANT ADD COLUMN
* |In new format
* Number of field&== Patest number of fields

* Record created " between above two

 In new format
e Instant columns < Number of fields < Latest number of fields

ORACLE

Copyright © 2018, Oracle and/or its affiliates. All rights reserved. |




INSTANT ADD COLUMN

Implementati

* The key is the first INSTANT

DML
INSERT

| DML
UPDATE

N

e

ORACLE

@%‘C’

Table

Old format rows

Old format rows

~— Old format rows

.

Copyright © 2018, Oracle and/or its affiliates. All rights reserved. |
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INSTANT ADD COLUMN

Implementatio

* The key is the first INSTANT@)

T

L -

ORITHM=INSTANT

Nc, [I

No update to table!

Number

of fields

Default

values

Table

Old format rows

Old format rows

DML DML
INSERT UPDATE

ORACLE

Old format rows

LUMN

JC*\

ACMUG

Data Dictionary

Core DD tables

System tables

Copyright © 2018, Oracle and/or its affiliates. All rights reserved. |

MMMMMM




INSTANT ADD COLUMN ~’ &

Implementatiogf?/
LUMN

* The key is the first INSTAN

No update to table!

Nc,[], —— E—
HM=INSTANT

Tamn ¢

Table

; Old format rows

New format rows

Old format rows

New format rows

DML | DML
UPDATE INSERT

<

B e ————

ORACLE
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INSTANT ADD COLUMN ~’

Implementati

OQQ‘?,
+ The key is the first INSTANT \) LUMN

ORACLE

vO

P

ACMUG
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Data Dictionary

Core DD tables

System tables

W

Table

Old format rows

New format rows

Old format rows

New format rows

Copyright © 2018, Oracle and/or its affiliates. All rights reserved. |



INSTANT ADD COLUMN - Méfadata

* First INSTANT ADD COLUMN

e Remember current number of fi
* Remember the default value

* Follow-up INSTAN
* Only rememberth@e

ORACLE

Copyright © 2018, Oracle

/'-" s
4 U
acMUG
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columns, either value or NULL

alue of new columns
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INSTANT ADD COLUMN -_Métedata

* Why store the DEFAULT?

mysql> CREATE TABLE t1(a INT);
Query OK, 0 rows affected (0.06 sec)

mysql> ALTER TABLE t1 ALTER COLUMN b SET DEFAULT 30;
Query OK, 0 rows affected (0.03 sec)

Records: ® Duplicates: 0 Warnings: ©

mysql> INSERT INTO t1 VALUES(®), (1);
Query OK, 2 rows affected (0.00 sec)
Records: 2 Duplicates: ® Warnings:

mysql> INSERT INTO t1 VALUES(2, default);
Query OK, 1 row affected (0.00 sec)

mysql> ALTER TABLE t1 ADD COLUMN b INT DEFAULT 20;
Query OK, 0 rows affected (0.04 sec)
Records: 0 Duplicates: © Warnings: ©

mvsql» SELECT * FROM t1;

b |
|
|

mysql> SELECT * [FROM t1;

l
|
|
l

0
0
30 |

in set (0.00 sec)

) > DROP TABLE t1;
Query OK, 0 rows affected (0.03 sec)

0.00 sec)

ORACLE Copyright © 2018, Oracle and/or its affiliates. All rights reserved. |
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INSTANT ADD COLUMN - M@Qd ata

 Table rebuild, create, trunca@}:
d

* Will discard the relevant metada eep the table/partitions as

before
* Column default values bandoned If useless
* Partitioned t \’)
* Some partlt s will only re-create / truncate some of
partltlon
* Some pa WI|| need the default values, some not

ORACLE

Copyright © 2018, Oracle and/or its affiliates. All rights reserved. |
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INSTANT ADD COLUMN - Qbservability

ORACLE

mysql> CREATE TABLE t1 (a INT, b INT);
Query OK, 0 rows affected (0.06 sec)

stant_cols FROM information_schema.innodb_tables WHERE name LIKE

1 row in set (0.03 sec)

SELECT table_id, name, has_default, default_value FROM infermation schema.innodb_columns WHERE table_id = 1062;

rows in set (0.34 sec)
mysql> ALTER TABLE t1 AD
Query OK, 0 rows affected (
Records: © Duplicates: 0 Warnings: @

mysql> SELECT table_id, me, instant_cols FROM information_schema.innodb_tables WHERE name LIKE '%

row in . set (0.01 sec)

ysql> SELECT table_id, name, has_default, default_value FROM information_schema.innodb_columns WHERE table_id = 1062;

| table_id | name | has_ default_

4 rows in set (0.36 sec)

Copyright © 2018, Oracle and/or its affiliates. All rights reserved.
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INSTANT ADD COLUMN - Qbservability

mysql> ALTER TABLE t1 ADD COLUMN e VARCHAR(100) DEFAULT 'Hello world!';
Query OK, 0 rows affected (0.06 sec)
Records: ® Duplicates: ® Warnings: ©

mysql> SELECT table_id, name, instant_cols FROM information_schema.innodb tables WHERE name LIKE '%ti1%';

1 row in set (0.03 sec)

mysql> SELECT table id, name, has default, default value FROM information schema.innodb columns WHERE table id = 1062;

800003e8
48656¢c6c6F20776F726c6421

5 rows in set (0.11

ORACLE
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Row size too lar e(?/Q
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* An interesting rollback prow
CREATE TABLE ti(id INT PRIMARY K @ R(4000), c2 VARCHAR(4000), c3

cl
VARCHAR(1000)); %‘
INSERT INTO t1 VALUES(Z, @ ), repeat('b’, 4000), repeat('c’, 1));
c4'VA

ALTER TABLE t1 AD U RCHAR(500) NOT NULL DEFAULT repeat(‘d’, 500);
START TRA ;

UPDATE t1{SET eat('x’, 200) WHERE id = 1;

ROLL K3

START IRANSACTION;
UPDATE t1 SET c4 = 'x' WHERE id = 1;
ROLLBACK;

ORACLE

Copyright © 2018, Oracle and/or its affiliates. All rights reserved. |




<7 T

YRR
ACMUG
"My SQLI Pl

INSTANT ADD COLUMN - Ofhers

 Redo 0
* Number of fields(before first instan COLUMN) should be

remembered

- EXPORT/IMPORT Q
« Both number of fi d@ fault values should be remembered
in .cfg

* Side eff c@
« Could no@x rrupted table/index, etc.

* Postpone'the row size checking

[TZemis

HIRHEE S

ORACLE
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INSTANT ADD COLUMN ér@@t

Only support adding columns at |

Not support COMPRESSED, whi ?\ om used
Not support a table which eady ha

Not support any table r, in DD tablespace

Not support ter@ (it goes with COPY)

ORACLE Copyright © 2018, Oracle and/or its affiliates. All rights reserved. |
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ALTER TABLE . PAR T@
* InnoDB supports 'ALTER . ' natively
* ADD / DROP / COALESCE / REOR REBUILD / EXCHANGE

PARTITION

* '"ALGORITHM =
* Less logs would
* It paves the wa@ re improvement

Iso supported now
better performance

ORACLE Copyright © 2018, Oracle and/or its affiliates. All rights reserved. |
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Upgrade steps Q/ '
G

* Upgrade from 5.7 only 0

* Upgrade automatically

* Make sure no crash and prev lamodb fast shutdown is not 2
Create new DD tables | ® space
Update all tables xegs ables

Handle Undo table

Create SDI

* Finally, IVP ystem tables get dropped
* Downgrade is not allowed for now

* Incompatibility and crash can be handled

ORACLE

T2

HRHERE
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Summary

* Simplified and unified Data Dictionary

* Atomic and crash-safe DDL

* Better DDL performance

* INSTANT ALTER TABLE \especially ADD COLUMN
* Better 1 S queries performance

* Self descriptive tablespace

* Easy upgrade

ORACLE
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Thank you!
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