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Safe Harbor Statement

The following is intended to outline our general product direction. It is intended for
information purposes only, and may not be incorporated into any contract. It is not a
commitment to deliver any material, code, or functionality, and should not be relied upon
in making purchasing decisions. The development, release, and timing of any features or
functionality described for Oracle’s products remains at the sole discretion of Oracle.
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feature>
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MySQL 5.7 — 4= THI Y S0
* Replication * Triggers
* InnoDB * Partitioning
* Optimizer * New! SYS Schema
* Security * New! JSON
* Performance Schema * Performance

* GIS

ORACLE’
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auto.cnft

ib buffer pool
1bdatal

ib logfileO

ib logfilel

ibtmpl

mysqgl/

mysqgl.ibd
performance sche 3.sdil
performance schema/
sakila/

sakila 7.sdi

sys/

sys 4.sdi
tablespaces.open.1
tablespaces.open.?
undo 001

undo 002
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SRR 15
* Undo logHibdatalH 57 &
* SDI (Serialized Dictionary Information)

— DI RS = BB B R - 414014 SDILIJSON formatf&=({F1E.

— SDIFY H E /7 InnoDBFEZE [a] T EHE (i metadata {514, SDI 5] Hidb2sdi T.E. H
INnNnoDBZEZE B 2= HY H .

— MyISAM ZEHYSDIFE T4 22 B 1. sdifB e HE S (4. f5IMPORT TABLE}E{F s 25 25
SDIFEETHE S 4.

1. Onthe source database

mysqgl> FLUSH TABLES hr.employees WITH READ LOCK;
shell> cd export basedir/data/hr

shell> cp employees 125.sdi /tmp/export

shell> cp employees.{MYD,MYI} /tmp/export

2. On the destination database

mysqgl> CREATE SCHEMA hr;

mysql> IMPORT TABLE FROM '/tmp/mexport/employees.sdi‘;

ORACLE’
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« FE[E|E T HZ22E [5Jmap S {4(tablespaces.open.1 tablespaces.open.2)
used during recovery

— AR B FHinnodb_scan_ditectories (option of mysqld) &8 4 i tA]]
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Growth of UTF-8 on the Web

= 60
50 m UTF-8
m ASCII
40
2 W ~1SO-8859-1
30
20

10 2001 2002 2003 2004 2005 2006 2007 2008 2008 2010

https://en.wikipedia.org/wiki/UTF-8
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https://en.wikipedia.org/wiki/UTF-8
https://en.wikipedia.org/wiki/UTF-8
https://en.wikipedia.org/wiki/UTF-8

UTF-8 (£%)
MySQL 8.0

* New! Support for the latest Unicode 9.0 (emoji)

select * from information schema.SCHEMATA;

* We are working on per-country collation rules
— Accent Sensitive
— Case Sensitive

° A
Based on UCA DUCET W=

* UTF8MB4 as the default character set
— Project started in MySQL 5.7
— Many improvements to reduce performance impact

ORACLE’
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MySQL 8.0 vs MySQL 5.7 utf8mb4
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16

64

128 512 1024

+300-350% in OLTP RO

+176-233% in OLTP RW
+1500-1800% in SELECT DISTINCT_RANGES

SELECT DISTINCT_RANGES
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90000

45000

8 16 64 128 512 1024
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Y1 UUID HY i3

* FEUUID I raldiE Bl B Ha TRE:
— UUID_TO BIN()
—BIN_TO_UUID()
— plus IS_UUID()
* FrIHRE! X I naESE i Bit-wise FE{E
— Designed with IPv6 in mind:
— INET6_ATON(address) & INET6_ATON(network)

ORACLE’
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UUID TO BIN B£AE

» BUAERYBinary & 2R NMEAEHL A R
From BINARY(36) 53303f87-78fe-11e6-a477-8c89a52c4f3b

A |

To BINARY(16) 11e678fe53303f87a4778c89a52¢4f3b

Insert Performance H W Optimized
® Original

25 26 27 28 29
ORACLE
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FF22A7EISON
MySQL 8.0

* MySQL Document Store
—JSON_ARRAYAGG()
— JSON_OBJECTAGG()

* 37T MySQL Shell’& FEMySQL

ORACLE’
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Common Table Expressions »

5]

Feature Request

¢ ”W|th queries" from Developers
C FERERIIE IR R S
- TR{EE Z4HYsQL:

WITH tl1 AS (SELECT * FROM tblA WHERE a=1‘'b’)
SELECT * FROM t1;

ORACLE’
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—_— N D2 — AY
N0 — FHCTE(iEE ) 7 1)
mysgl> show create table ctedemo.emp\G
L i b b b I b i i i i b i i i i i b i i i i i i i ¢ l. row LR e A b b i i i i i i i i i i i i i i i i i i i i i
Table: emp
Create Table: CREATE TABLE emp (
"id’ int(11) NOT NULL AUTO INCREMENT,
‘mgrid int(11) DEFAULT NULL,
"name varchar (30) DEFAULT NULL,
PRIMARY KEY ( id),
KEY "mgrid’ ( mgrid’),
CONSTRAINT "emp ibfk 1 FOREIGN KEY ( mgrid ) REFERENCES "emp"
) ENGINE=InnoDB AUTO INCREMENT=33 DEFAULT CHARSET=utf8mb4

1 row in set (0.00 sec)

ORACLE’
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mysqgl> select * from emp;

et
| id | mgrid
t—m -
| 2 | NULL
| 10 | 2
| 27 | 10
| 28 | 10
| 29 | 10
| 30 | 2
| 31 | 27
| 32 | 277
fom -

ORACLE’

CEO |
president |
VP Production |
VP RD |
VP Sales |
CFO |
Manufacture Manager |
Warehouse Manager |

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. |
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73U — HCTERSEE I H 18] (25)

mysgl> with recursive empstruct (id, mgrid, name, space, path) as

(select 1d, mgrid, name, cast('' as char(200)) space, cast(name as char(400)) path from
emp where mgrid is null

union all

select e.id ,e.mgrid, e.name, concat (' ',ep.space) space, concat(ep.path,e.name) path
from empstruct ep, emp e where ep.id = e.mgrid

)

select 1d, mgrid, concat (space,name) structure from empstruct order by path;

to————— t——— Fm - +
| 1d | mgrid | structure |
to————— t——— Fm - +
| 2 | NULL | CEO |
| 30 | 2 | CFO |
| 10 | 2 | president |
| 27 | 10 | VP Production |
| 31 | 27 | Manufacture Manager |
| 32 27 | Warehouse Manager |
| 28 | 10 | VP RD |
| 29 | 10 | VP Sales |

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. | 19



Window Functions

N RIIET HE 2  51T P LA AR S5 T A

* over clause:
{OVER (window_spec) | OVER window_name}

ORACLE’
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mysgl> SELECT year, country, product, profit, SUM(profit) OVER() AS total profit,
SUM (profit) OVER(PARTITION BY country) AS country profit

FROM sales

ORDER BY country, year, product, profit;

+————— f———————— Fmm - f—m————— - e +
| year | country | product | profit | total profit | country profit |
tm————— I e e tm————— ———————- R ———————-— +
| 2000 | Finland | Computer | 1500 | 7535 | 1610 |
| 2000 | Finland | Phone | 100 | 7535 | 1610 |
| 2001 | Finland | Phone | 10 | 7535 | 1610 |
| 2000 | India | Calculator | 75 | 7535 | 1350 |
| 2000 | India | Calculator | 75 | 7535 | 1350 |
| 2000 | India | Computer | 1200 | 7535 | 1350 |
| 2000 | USA | Calculator | 75 | 7535 | 4575 |
| 2000 | USA | Computer | 1500 | 7535 | 4575 |
| 2001 | USA | Calculator | 50 | 7535 | 4575 |
| 2001 | USA | Computer | 1200 | 7535 | 4575 |
| 2001 | USA | Computer | 1500 | 7535 | 4575 |
| 2001 | USA | TV | 100 | 7535 | 4575 |
| 2001 | USA | TV | 150 | 7535 | 4575 |
+————— - - +—————— F————_ F————_—— +

ORACLE’

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. |



. . Lo N— ) NS
Lo
Window Functions —3Ej| S THEE
Name Description
CUME _DIST() Cumulative distribution value
DENSE RANK() Rank of current row within its partition, without gaps
FIRST VALUE() Value of argument from first row of window frame
LAG() Value of argument from row lagging current row within partition
LAST VALUE() Value of argument from first row of window frame
LEAD() Value of argument from row leading current row within partition
NTH VALUE() Value of argument from N-th row of window frame
NTILE() Bucket number of current row within its partition.
PERCENT RANKI() Percentage rank value
RANK() Rank of current row within its partition, with gaps
ROW_NUMBER() Number of current row within its partition

ORACLE
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https://dev.mysql.com/doc/refman/8.0/en/window-function-descriptions.html#function_cume-dist
https://dev.mysql.com/doc/refman/8.0/en/window-function-descriptions.html#function_dense-rank
https://dev.mysql.com/doc/refman/8.0/en/window-function-descriptions.html#function_first-value
https://dev.mysql.com/doc/refman/8.0/en/window-function-descriptions.html#function_lag
https://dev.mysql.com/doc/refman/8.0/en/window-function-descriptions.html#function_last-value
https://dev.mysql.com/doc/refman/8.0/en/window-function-descriptions.html#function_lead
https://dev.mysql.com/doc/refman/8.0/en/window-function-descriptions.html#function_nth-value
https://dev.mysql.com/doc/refman/8.0/en/window-function-descriptions.html#function_ntile
https://dev.mysql.com/doc/refman/8.0/en/window-function-descriptions.html#function_percent-rank
https://dev.mysql.com/doc/refman/8.0/en/window-function-descriptions.html#function_rank
https://dev.mysql.com/doc/refman/8.0/en/window-function-descriptions.html#function_row-number

S I =N

~ N

/\7E1:§E{amm£bﬁb

mysgl> SELECT val, ROW NUMBER() OVER w AS 'row number', CUME DIST() OVER w AS
'cume dist', PERCENT RANK() OVER w AS 'percent rank'

FROM numbers

WINDOW w AS (ORDER BY val);

- - e - - +
| val | row number | cume dist | percent rank |
T e fm——— ——— o ————- +
| 1 | 1 | 0.2222222222222222 | 0O |
| 1 | 2 | 0.2222222222222222 | 0O |
| 2 | 3 | 0.3333333333333333 | 0.25 |
| 3 | 4 | 0.66660600600606060606060606 | 0.375 |
| 3 | 5 | 0.6666060060060600060060 | 0.375 |
| 3 | 6 | 0.6666060060060600060060 | 0.375 |
| 4 |77 | 0.8888888888888888 | 0.75 |
| 4 | 8 | 0.8888888888888888 | 0.75 |
| S |9 | 1 | 1|
- - e — e — +

ORACLE’
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mysqgl> SELECT year, country, product, profit,

ROW_NUMBER () OVER (PARTITION BY country) AS row numl,

ROW_NUMBER () OVER (PARTITION BY country ORDER BY year, product) AS row num2 F
ROM sales;

- F———————— o ———————— - F————————— F————————— +
| year | country | product | profit | row numl | row numZ |
tm————— I e e o e +
| 2000 | Finland | Computer | 1500 | 2 | 1 |
| 2000 | Finland | Phone | 100 | 1 | 2
| 2001 | Finland | Phone | 10 | 3 ] 3 ]
| 2000 | India | Calculator | 75 | 2 | 1 |
| 2000 | India | Calculator | 75 | 3 ] 2 |
| 2000 | India | Computer | 1200 | 1 | 3 ]
| 2000 | USA | Calculator | 75 | 5 | 1 |
| 2000 | USA | Computer | 1500 | 4 | 2 |
| 2001 | USA | Calculator | 50 | 2 | 3
| 2001 | USA | Computer | 1500 | 3 4 |
| 2001 | USA | Computer | 1200 | 7T 5 |
| 2001 | USA | TV | 150 | 1 | 6 |
| 2001 | USA | TV | 100 | 6 | 7
- f———————— - ————— - f————————— - ——————— +

ORACLE’

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. |



MySQL 8.0: Better Handing of Hot Rows

SELECT seat no
FROM seats
JOIN seat rows USING ( row no )

WHERE seat no IN (3,4)

AND seat rows.row no IN (12)
AND booked = 'NO'

FOR UPDATE OF seats SKIP LOCKED
FOR SHARE OF seat rows NOWAIT;

=
DRACI_E Copyright © 2017, Oracle and/or its affiliates. All rights rese

Feature Request
from Developers

Non deterministically
skip over locked rows

———

Error immediately
if a row is already

locked

rved. |
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* G I bas P 1Y

— F1LLETMyYISAMTY “disabled indexes” N —#+%

—EDMLE=ZEFF HANRE
* PRI FH B

— B[R (Recycle Bin)

— B

ORACLE’
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Example Usage

* | don’t think this index is used any more:
ALTER TABLE Country ALTER INDEX ¢ INVISIBLE;

° | need to revert:
ALTER TABLE Country ALTER INDEX ¢ VISIBLE;

* It is now safe to drop:
ALTER TABLE Country DROP INDEX c;

ORACLE’
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T B

* Adding any new index can change existing execution plans.
* All change introduces risk of regression

* Invisible indexes allows you to stage all changes
—i.e. put the database in a “prepared” state
— Turn on changes at an opportune time

ALTER TABLE Country ADD INDEX ¢ (Continent) INVISIBLE;

# after some time
ALTER TABLE Country ALTER INDEX ¢ VISIBLE;

ORACLE’
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SELECT * FROM information schema.statistics WHERE is wvisible='NO';
R AR A i . A i b d i i dib i i gl i i di i i gl i i i g i i ¢ 1. row R AR A i i g i i db i i dib i i g i b di i i g g i i g i i ¢
TABLE CATALOG: def
TABLE SCHEMA: world
TABLE NAME: Country
NON UNIQUE: 1
INDEX SCHEMA: world
INDEX NAME: cC
SEQ IN INDEX: 1
COLUMN NAME: Continent
COLLATION: A
CARDINALITY: 7/
SUB PART: NULL
PACKED: NULL
NULLABLE :
INDEX TYPE: BTREE
COMMENT: disabled
INDEX COMMENT :
IS VISIBLE: NO

ORACLE’
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BTOIRE! 22 e
* MySQL 8 provides
.+ ZTHRE, BVER, I AR Roles

"ul" @ localhost®

* DBA{JgE =
— BT AIHERRoles, 7% 125 Roles —
— FZfYRolesz5Roles, FZFYRoles %5 Users zew] [Fe%
— PR L A 0T FHFRLLroles, E W EAIAHYRoles
— FAEAENNEH ] A roles

— HEZEDISQLEKTROLES GRAPHML() JFRolefi i AE

ORACLE’
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New! A[RAYEFE 1L

* Privilege Tables now 100% InnoDB

* User Management DDLs Atomic
— CREATE USER
— ALTER USER
— RENAME USER
— DROP USER
— GRANT
— REVOKE

ORACLE’

Copyright © 2016, Oracle and/or its affiliates. All rights reserved.
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* DESC in an index definition to store of key values in descending order

* Searching descending index in forward order

* Optimizer uses multiple-column indexes when the most efficient scan order
mixes ascending order for some columns and descending order for others

CREATE TABLE
cl INT, c2
INDEX idx1
INDEX i1dx?2
INDEX 1dx3
INDEX idx4

ORACLE’

t

(

INT,

(
(
(
(

cl ASC, c2 ASC),
cl ASC, c2 DESC),
cl DESC, c¢2 ASC),
cl DESC, c¢2 DESC)

ORDER BY cl ASC, c2 ASC
—— optimizer can use 1idxl
ORDER BY c¢l DESC, c2 DESC
—— optimizer can use 1dx4
ORDER BY cl ASC, c2 DESC
—— optimizer can use 1idx2
ORDER BY cl DESC, c2 ASC
—— optimizer can use 1dx3

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. | 32



New! Performance Schema Y& 5 | o
» Allows for more efficient access to Performance " rom DBAS
Schema tables

* A total of 115 indexes across 93 tables

* Adds zero overhead

— A physical index is not maintained internally
— Implementation of indexes tricks the optimizer into better execution plan

ORACLE’
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Performance Y LI

Query Time

ORACLE

SELECT * FROM sys.session

1000 active sessions

15 20 25 30

Time in Seconds (Lower is better)

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. |
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Over 30x faster!

m MySQL 8.0
m MySQL 5.7

40
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HTEE! Performance Schema Instrumenting SQL Errors

Aggregation Table Name

By Account events_errors_summary_by_account_by_error
By Host events_errors_summary_by host_by error

By Thread events_errors_summary_by thread_by error
By User events_errors_summary_by user_by error
Global events_errors_summary_global_by error

ORACLE’
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SELECT * FROM test.no table;
ERROR 1146 (42502): Table 'test.no table' doesn't exist

SELECT * FROM performance schema.events errors summary global by error
WHERE sum error handled > 0 OR SUM ERROR RAISED > 0\G
FhkAAA X I I A ALK I I A AA KR IdkAAxrKdK*k | oy FrHIAAAxXIIh A A A d kAL xhx L xx*x
ERROR NUMBER: 1146
ERROR NAME: ER NO SUCH TABLE
SQL STATE: 42S02
SUM ERROR RAISED: 1
SUM ERROR HANDLED: O
FIRST SEEN: 2016-09-11 20:52:42
LAST SEEN: 2016-09-11 20:52:42
1 row in set (0.00 sec)

ORACLE’
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Cloud Friendly

* Persist GLOBAL Dynamic Server Variables

—SET PERSIST
sgl mode='STRICT TRANS TABLES,NO ENGINE SUBSTITUTION';

* Examples Include:
—SQL Mode
— Offline Mode
— Read Only

* Requires no filesystem access

ORACLE’
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T THEE! Variables Info
Find the source of variables changed on your installation

SELECT * FROM performance schema.variables info

WHERE variable source != '"COMPILED';

o —————————— e e o o +
| VARIABLE NAME | VARIABLE SOURCE | VARIABLE PATH | MIN VALUE | MAX VALUE |
f———————— e f———————— [ —— - e o o -
| basedir | COMMAND LINE | | O | O |
| bind address | EXPLICIT | [..]/my.sandbox.cnf | O | O

| datadir | COMMAND LINE | | O | O |
| foreign key checks | DYNAMIC | | O | O |
| log error | COMMAND LINE | | 0 e |
| lower case table names | EXPLICIT | [..]/my.sandbox.cnf | O | 2 |
| pid file | COMMAND LINE | | 0 e |
| plugin dir | COMMAND LINE | | 0 | 0 |
| port | COMMAND LINE | | O | 65535 |
| socket | COMMAND LINE | | O | O |
| tmpdir | EXPLICIT | [..]/my.sandbox.cnf | O | O

11 rows in set (0.00 sec)

ORACLE’
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HTIARE! 2P ACIDHY & TR i

* Increased Reliability

* Using InnoDB internally for data dictionary
— No FRM files
— No DB.OPT files
— No TRG files
— No TRN files
— No PAR files

* MySQL 8.0 default install no longer contains MyISAM tables.

ORACLE’
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Additional Benefits

* Better cross-platform experience
— No dependencies on filesystem semantics

* Atomic DDL

— Better Replication
— Simplifies server edge cases

* MIDL for Foreign Keys
* Flexible Metadata API

— Easier path to adding new features

ORACLE’
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40



Information Schema Y%

WAS

- HE Already faster at 7/10

100 schemas times 50 tables (5000 tables) queries in our test suite!

Count All Schemas

Schema aggregate size stats
All Dynamic Table Info

All Static Table Info

Auto Increments Near Limit
Count All Columns

Count All Indexes

ORACLE

0.5

m MySQL 8.0
m MySQL 5.7

1.5 2 2.5 3 3.5 4

Time in Seconds (Lower is better)

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. |
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ORACLE’

30x

Faster

SELECT TABLE SCHEMA,
TABLE NAME, TABLE TYPE,
ENGINE, ROW FORMAT
FROM information schema.tables
WHERE TABLE SCHEMA LIKE 'db%';

Test Performed with 100 schemas, each with 50 tables.

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. | 42



InnoDB Auto Increment Persists o
A

Feature Request
from DBAs

* First reported as BUG #199
* Auto increment counters are now written to the REDO log

* Allows for fast changing meta data

ORACLE’
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AR

* InnoDB buffer estimates for tables and indexes
* Dynamic cost based on memory fit

* Allows for the optimizer to make better query execution decisions

ORACLE’
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Memory Buffer Aware Cost Estimates

* Storage engines:

— Estimate for how much of data and
indexes are in a memory buffer

— Estimate for hit rate for memory buffer

* Optimizer cost model:

— Take into account whether data is
already in memory or need to be read
from disk

ORACLE

Query
Server executor
Database Storage
buffer

engine

Copyright © 2017, Oracle and/or its affiliates. All rights reserved.
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HANBERES..

* New! Source code now documented with
Doxygen

Scalability Improvements

Parser Refactoring

New! Plugin Infrastructure!

New! Document Store

Expanded GIS Support

Improvements to Temporary Tables

Expanded Query Hints Support

C++11 and Toolchain Improvements

Improved Scan Query Performance

Replication Applier Thread Progress
Improved BLOB Storage Reports

GTID_PURGED always settable

Improved Memcached Interface

ORACLE’
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