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MySQL Innovation: 5.7 -> 8.0

3

MySQL HA Cluster
MySQL ReplicaSet
- MySQL InnoDB Cluster
MySQL 5.7 . MiSQL Group Replication

3x Better Performance - MySQL Router
Replication Enhancements MySQL Shell
Optimizer Cost Model
JSON Support
Improved Security

Sys & Performance Schema
GIS
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MySQL 8.0
2x Better Performance
- Data Dictionary
- NoSQL Document Store
- JSON
- CTEs
- Window Functions
- InnoDB
- Roles

- Unicode
- GIS

2 Years in Development
400+ Worklogs
5000+ Bugs Fixed

500 New Tests




Performance improvements in MySQL 8.0

Read/Write 25| 2H& - UTF8MB4

— Re-designing how InnoDB writes to Redo log
|0 Capacity 5=0| 0| &

— Removing file system mutex

- £ & JSON/BLOB H|O|E

* Information Schema

« Performance Schema

AM0| 52 Tef H3)

— Contention Aware Transaction Scheduling
— CATS over FIFO

— Thread-CPU mapping can be managed @scale

- o AL

ooooooo
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E 24 (mem/disk aware)

N = 2x Faster than MySQL 5.7 for RO and RW
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Basic Concepts




Improving Performance

T AlZt(response time ) Bt E:
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— Scaling out
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Performance Tuning Terminology

- 3H AlZH(response time)

— Wait time
- Waiting for |/O operation to complete
- Waiting for a lock to be released

— Service time
- HW/network

- Concurrency
- Query efficiency

- NM2|Z(Throughput)
— Transaction per second (TPS)
— Query per second(QPS)
. BHERFA
— QFO| ot et et S' AIZE 7| LM X 2| 2F0] S 7He| ALt eHESHA 7K
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Tuning Steps
- AM2E BLEHZ o Z 7|FS ROrU 1 Of 1y Of 7 T
- HANHEL 2 7ty RElot ZIEE JHX[A /&4
— OH7| AlZtol 7+ 21 # 2
— MH| A A[ZHO| ZHE 21 2]
7t BIHSHA A= 2
- 7 IHEE
- ZHO| FH5IH FE HFT
- R THE= FHHOL, F5F 7hssta, 2Eg 5= A0jof &
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Performance Tuning Point

o= 2|7 0| M
N2 2 J|M

522 HolE Aj0|x S
HERZ
£f| O] £4 14| 0] 2
— Configuration &7 'd

— Memory/buffer/connetion/log size
— Schema &4 %M 3}
— Query 85 Z[A3t
OS /HW
— User limits(such as open files) & 878
~ CPUGHEZ &CIAT =
— A H| C{== S 7H(scale out)

ol % (scale up)
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Gz} E[Z LOi 2X]?
Begin;

1.UserAAHE - 2N i
2.AccountBAI™E + 3
3. 7|2 0|2} =7}
Commit;

10000 A H|OfE{ AfAf| 2
1. Delete from T limit 10000;

2. %t connectionO|A] 20 tH =&t

Delete from T limit 500;
3. 20 7l connectionO| Al = A|0f
Delete from T limit 500;

MySQL




Performance Tuning

HW and OS




Memory

- MY E‘||O|E-| A10] innodb buffer pool (RAM)Of X &t5HX Ié“al

— AP 7tsT H 2 2] 2] 70-80%E InnoDB buffer pool0f & & & =
- MySQL connection = M2 2[E A&, €& MySQL buffers= & & OfCH 2
— max_allowed packet, thread_stack , net_buffer length , max_digest length
- OjA&3 &5 2=t o17| fl Caching & Buffering
— Redo log/Join/Sorting Buffer 2f Table Cache
— Replication 2 &: max_binlog cache_size
- 7|E} RAM :

— OS %! FS cache
— temporary tables: tmp_table_size

rr

— Performance Schema
- DLEZ 2 top BHO 2 201, 80% 0|5}
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https://dev.mysql.com/doc/refman/8.0/en/server-system-variables.html
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https://dev.mysql.com/doc/refman/8.0/en/server-system-variables.html
https://dev.mysql.com/doc/refman/8.0/en/server-system-variables.html
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Monitoring MySQL Memory Usage

[HE = 22| X #£= 8| &gt

mysqgl> SELECT SUBSTRING_INDEX(event_name,'/',2) AS

— SELECT * FROM code_area, FORMAT_BYTES(SUM(current_alloc))
performance_schema.setup_instruments WHERE AS current_alloc
NAME LIKE '%memory%’; FROM sys.x$memory_global_by current_bytes
GROUP BY SUBSTRING_INDEX(event_name,'/',2)
e performance_schema ; ORDER BY SUM(current_alloc) DESC;
e e o Py e e I +
— memory_summary_global_by_event_name Necieiara el et it
» Sys 27| 0} : o o
| memory/innodb | 843.24 MiB |
— memory_global_by_current_bytes | memory/performance_schema | 81.29 MiB |
| memory/mysys | 8.20 MiB |
| memory/sql | 2.47 MiB |
o é)|' EH a)l' §||-OI_| | memory/memory | 174.01 KiB |
| memory/myisam | 46.53 KiB |
— SHOW GLOBAL STATUS LIKE ‘table_open%’ ; | memory/blackhole | 512 bytes |
— SHOW GLOBAL STATUS LIKE ‘binlog%’ ; IAmeRary/ fodchatec L e abytes |
| memory/csv | 512 bytes |
— SHOW GLOBAL STATUS LIKE ‘Created_tmp%’; | memory/vio | 496 bytes |
) o o 5 o i o A i D o i o o i +
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CPU
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HiF = multi-core processorsE AtE 2 A (24-48 cores)
Hyper-Threading= 233}

gutdo 2 O WhE A0/ H B2 =2l AOtELH d50 RE|

H 0] k2 A OFof| Cif ot =h e -4 0] 2F et =

— MySQL 5.1 scales to ~4 cores

— MySQL 5.5 scale to ~16

— MySQL 5.6 scales to ~36 threads (cores)

— MySQL 5.7 scales to ~64 threads (32 Core-HT)

— MySQL 8.0 scales to ~100 threads (test on 48 Cores-HT intel Skylake)
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Disk

ZZ|E|7l =1 low-latency SSD 22 NVMe C|A3 #HE

— InnoDB datadir, tmp It ¥ X undo E0= 25 2HEH |0,  #tE SSD H &
— innodb_page_size = 4K (C| 2 E = 16K, C|A3 page AtO| =2t OfA)

— innodb_flush_neighbors =0

Spinning CIA 3. log" (&A1 10)01| 01 E 3| AL S 4 U2

RAID E| A3 S AFEHLHE 855 #I5i RAID1+0 &Y
FBWC/BBWC (Flash/Battery-Backed Write Cache) # &

— write ‘& &4 & crash-safe.

ClA3 FA(rpmA| &) S £5H)| 2t innodb_io_capacity 2 7S

~ CZEEZ2 200, =2l ssd 52 it StE A0 At

=x
=
=
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https://dev.mysql.com/doc/refman/8.0/en/innodb-parameters.html
https://dev.mysql.com/doc/refman/8.0/en/innodb-parameters.html
https://dev.mysql.com/doc/refman/8.0/en/innodb-parameters.html

oS

* Lof LAMPis Linux;)
- Unix, Mac, Windows = X| &
- 358t THSHACHH Linux & &
— MySQL 8.0 &I 8% Z[4 HE ALE
— C|ZE OtLA|AE AL, extd4 22 xfs
— ulimit & AF23}0] file/process limits = 2%t
— MySQL M8 Ml AL, innodb_numa_interleave = 12 H%
— Swappiness, H& &M 2 (1-6): sysctl -w vn.swappinness=1
— InnoDB O 0|/ L} ¥= FS 7HA| & HX[X| & &, innodb_flush_method=0_DIRECT

https://lefred.be/content/mysql-and-memory-a-love-story-part-1/
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Performance Tuning

Configuration




MySQL configuration

- A OrY(8.0 ™) : my.cnf & mysqgld-auto.cnf (G|: SET PERSIST max_connections = 1000)
- 24Ol e

SHOW [SESSION|GLOBAL] VARIABLES LIKE '%expr%’;
— performance_schema.global_variables

— performance_schema.session_variables

— performance_schema.variables_by_thread;

mysql> SELECT t1.VARIABLE_NAME, t1.VARIABLE_SOURCE, t1.VARIABLE_PATH, t1.SET_TIME, t1.SET_USER, t1.SET_HOST, t2.VARIABLE_VALUE
FROM performance_schema.variables_info t1
JOIN performance_schema.global_variables t2 ON t2.VARIABLE_NAME=t1.VARIABLE_NAME
WHERE t1.VARIABLE_SOURCE not like "COMPILED";

e e e e T T e e ] L R e +
| VARIABLE_NAME | VARIABLE_SOURCE | VARIABLE_PATH | SET_TIME | SET_USER | SET_HOST | VARIABLE_VALUE |
e e e e T T e e ] L R e +
| basedir | COMMAND_LINE | | NuLL | NULL | NULL | /home/ted/src/mysql-8.0.21-1inux-glibc2.12-x86_64/ |
| datadir | COMMAND_LINE | | NuLL | NULL | NULL | /home/ted/sandboxes/MySQL-HOWTOs/mysqldata/ |
| default_authentication_plugin | EXPLICIT | /home/ted/sandboxes/MySQL-HOWTOs/my.cnf | NULL | NULL | NuLL | mysql_native_ password |
| foreign_key checks | DYNAMIC | | 2020-11-18 08:17:26.019090 | NULL | NuLL | on

| innodb_buffer_pool size | EXPLICIT | /home/ted/sandboxes/MySQL-HOWTOs/my.cnf | NULL | NULL | NuLL | 2147483648

| innodb_directories | EXPLICIT | /home/ted/sandboxes/MySQL-HOWTOs/my.cnf | NULL | NULL | NuLL | /home/ted/sandboxes/MySQL-HOWTOs/slabb2/ |
| innodb_flush_log at_trx_commit | DYNAMIC | | 2020-11-18 08:57:12.479082 | ted | localhost | 1

| log_error | COMMAND_LINE | | NuLL | NULL | NULL | ./speedy.err

| pid_file | COMMAND_LINE | | NuLL | NULL | NuLL | speedy.pid

| plugin_dir | COMMAND_LINE | | NuLL | NULL | NuLL | /home/ted/sandboxes/MySQL-HOWTOs/mysqlsrc/1lib/plugin/ |
| port | COMMAND_LINE | | NuLL | NULL | NuLL | 3306

| secure_file priv | EXPLICIT | /home/ted/sandboxes/MySQL-HOWTOs/my.cnf | NULL | NULL | NuLL | |
| socket | COMMAND_LINE | | NuLL | NULL | NuLL | /tmp/mysql.sock

e e e e T T e e ] L R e +
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MySQL Database Server O}7| &l X{

4 Tomcat

Table

cache Parser
thread pool
O~0
(\O"ﬁ ?: Thread thread Optimizer
g b . S thread
(\Ofﬁ thread Excutor

connection
thread

/7
|

InnoDB Storage Engine

InnoDB Buffer Redo log

Buffer
3. Write old data

Undo Log Data File Redo Log

7. Commit
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max_connections £ 2L 0|42 2 I
278StXA| ZotoF g A
— OS limit on file descriptors
- Linux/Solaris : Up to 10,000
- Windwos: Up to 16,384
- SY Azt J|oiK X YRR E Zok
~- B2 O8I oo EH HIHO T2

o i -
o o= %!'E

— wait timeout@ 2 9AS Cte
+Eff gt 2t0l:

| 2 2

tO
mrl

— Connections

— Max used connections

— Connection errors max_connections

Copyright © 2021 Oracle and/or its affiliates. All rights reserved.

AHYHE R 2=

— sort_buffer_size

HIH 402 2 Al

— binlog_cache_size
— net_buffer length ~max_allowed_packet

— read_buffer_size
— read_rnd_buffer_size



https://dev.mysql.com/doc/refman/8.0/en/server-system-variables.html
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Reusing Threads

- thread cache size: MH7I AHEE M AFESH = A E HESEAYE 7%
~ C|EE 42 Xt& H7%: 8 + (max_connections/100)
— Thread cache hit rate % = 100 - ((Threads_created /Connections ) * 100)

. CIEHE! AEY 3t Q-

— Connections MySQL 5.6 Sysbench OLTP Read/Write
12000

— Threads connected

10000 - MySQL Enterprise Edition
With Thread Pool

— Connections /Uptime

8000

— Threads created/Uptime 6000

— Uptime since flush status 4000 -

Transactions Per Second

— Threads cached 2000

MySQL Community Server
0 Without Thread Pool

— Threads_running 1 4 16 32 64 128 256 512 1024 2048 4096 8192

Simultaneous Database Connections
- thread pool size 28|E & 45 F4

— https://dev.mysqgl.com/doc/refman/8.0/en/thread-pool-tuning.html
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Reusing Tables

- table_open_cache: 2= A2 EF {] AH7F 7HA| e E &l H| 0| Z(C|= E 4000)
— If too low ? Send the disk |/O request to open required tables

— If too high? Cache is expensive to maintain
- B AER Zh2ol:

—

— Open_tables
— Opened_tables

— Table_open_cache_hits
— mysql> SHOW GLOBAL STATUS LIKE ‘table_open%’ ;

- WAl THEIM d & SolfM =Hahd 2he:
— table_open_cache_instances
— 2t I Al AFO|= : table_open_cache/table_open_cache_instances
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InnoDB buffer pool

- innodb_buffer_pool_size
~ HO|& % 21H A HO|HE ATt InnoDB2| 22| @Y, LRU L1120 2|af 2tz
— M8 OO H|O|A MEO| M A|AERS] AN HE2| 27|12 70%~80%E =2 B & += U
— innodb_buffer pool size = N* innodb_buffer _pool _chunk size * innodb_buffer pool instances

- 2+01 gFH: SHOW ENGINE INNODB STATUS;

— Total memory allocated

— Buffer pool size

— Free buffers

— Database pages, Old database pages
— Modified db pages

— Pending reads, Pending writes

— Buffer pool hit rate
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Innodb redo log

 innodb_log file_size
— write 850 FElSHX| B S+ A|ZH0 S
— & MO|Z(~512G) : innodb_log_file_size *
innodb_log files_in_group(C|=E 2)
- 2% 2tFoM £ 512ME HFSHL,
PSSR 3 MEE 2 AN

OF

- redo AFE&:
Used % = (Used log / Total log) * 100

= (log_Isn_current —log_Isn_last_checkpoint /
(innodb_log_file_size *
innodb_log_files_in_group)) * 100

= (47605855 / 100663296) * 100

=477.29 %

23 Copyright © 2021 Oracle and/or its affiliates. All rights reserved.

- SHOW ENGINE INNODB STATUS;

LOG

Log sequence number 602763740
Log flushed up to 602763740
Pages flushed up to 584668961
Last checkpoint at 555157885

* |Information_schema. INNODB_METRICS:

mysqgl> SELECT NAME, COUNT
FROM information schema.INNODB METRICS
WHERE NAME IN ('log lsn current',

'log 1lsn last checkpoint');

e ___ e +

| NAME | COUNT |
e o ——— +

| log lsn last checkpoint | 555157885 |

| log 1lsn current | 602763740 |
Sy o ——— +



https://dev.mysql.com/doc/refman/8.0/en/innodb-parameters.html
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Trading performance over consistency (ACID)

- innodb_log buffer_size = 16MB
— RedoZ1 |/OE &tzt5t7| 2ot i &
— EZH™M AFO| =7} A commit T 0| dISk IO7F LM E|7[0f, et TAH 2L ZERIF/US

* innodb flush_log at_trx_commit = 1
— InnoDBZ} commitet EZHM M 0| CHSHA] A flush & A AKX 278
~ CIZELQ 12 HESHK| T ChZ =0 A K <.
— InnoDBZ} commit 5._F E g™ M0| CHSHA A flush & AKX 278
— Bulk GIO|Ef 2de 42 22 A3 AHLE 8.0 HHO0|M redo2 12 H|Z M3}
— 0| Z5IX| 23t peak 26t Q8| C|AZ |/OESI7 M AL
~ OO Z2A7t 4SO MES F2.....
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binlog cache size0| H|3l E2HHIM

0
3™ Al ThAof MESH|0| s I
2hEH =l AFEf H = 240l
— Binlog_cache_use

— Binlog_cache_disk_use
~ WA &% = (100 - ( Cache Disk
Use/Cache Use) * 100)

E 2 M ALO| =2 F|0{EHO 2 Hio| 2]
2 AO|= Hof, 2R =N &4

— DELETE C{4!6{ DROP TABLE/PARTITION
— DELETE FROM ... WHERE ... LIMIT 1000;

— binlog _row_image = minimal

Copyright © 2021 Oracle and/or its affiliates. All rights reserved.

- SN X E XA 28

— binlog_transaction_dependency_tracking =
WRITESET

— replica_parallel_type = LOGICAL_CLOCK
— replica-parallel-workers = 16
— binlog_order_commits=0OFF

— replica_preserve_commit_order = 1(optional)

https://dev.mysgl.com/blog-archive/improving-the-parallel-applier-

with-writeset-based-dependency-tracking/
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Performance Tuning

Database Design
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Database Design - Generic

- =0 A EfY= &N
— Unsigned Ci410] Signed - 0= A=
— DECIMAL(n, m) EHAI0]| INT — 24
— INET_NTOA(), INET_ATON() - IP &
— StringEri0f| CHH A UTF8MB4 & &
- ALTER TABLE t CONVERT TO CHARSET utf8mb4;
— AE 252 CHAR(1) + CHECK (8.0.16)
* CONSTRAINT ‘status_chk’ CHECK (status in (‘S’,'T’,’)D’,’U’))
— JSON G|O|E{ & TEXTCHAI0f| JSON EtUL ZE — AHE X S5 H|O| 2, AHEAHE
- JSOM == X| ¥
« Functional 2I&A X| &l
— Bhah“NOT NULL” X|H

27  Copyright © 2021 Oracle and/or its affiliates. All rights reserved.
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InnoDB A E 2| X| ¢l Xl Zk3=111

PK MEHZ MSSHA MEISID 2o HA|H O 2 X|™

Lock & meta-data locks ZA6}H7| Qo 2 EzHA M = Im| )| Of &t
— max_execution_time £ &3] H2| A|ZHE X0

— HEO| replica A O A St 71 F2| 2

—~ OLTP2IOLAP I AEEE Z2|& A2 1

=
Foreign keys = &2 X5} Al &
— O|o|e HZAO Lot FK & 5.

— FK 2 QI3 meta-data locksO| 244
= SN2 SIHEY I/0REE Y

— TPC(Transparent Page Compression): COMPRESSION=ZLIB|LZ4|NONE;
— 0| Y 2IM O|O|E, 82F0| 31, M50 27 Of RISHK| %= 2

— https://dev.mysgl.com/doc/refman/8.0/en/innodb-page-compression.html
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InnoDB Clustered Index

Primary Key Index Secondary index
16K I
f K-V K-V
Non-leaf :
pages K-V K-V K-V K-V
/K-V \K-V KV] KV K-V | K-V K-V | [K-V
/ \ \ \ S > > > >
¥ ¥ ¥ ¥ ¥
f ! 0. - B . o (< 9
Lea |
pages 3 3 3 3 3 i
e & & e o ‘ l Primary Key Values
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Database Design - Indexing

30

o

E

s
=

ot -ID

o

—
dAE S5= L[oHoF &

— index key123 (col1,col2,col3)

— index key12 (col1,col2) <- ZQ QIS

— index key1 (col1) <-- 282 Q=

WHERE & 0] functions/expressions S 1|8} Of &t

Covering Index X| &:
— SELECT (a,b) FROM some_table where a=50;
— dE (a,b) o AHAAE H-HSI PK B-Tree 22| E

— Prefix O._":*'i %o5f 7{L} MD52 8l|A| 7| A

Ot2 indexes= inserts/update/delete 2t 210 & &

F

0ok

~ *» Select count(*) from tradelog where

moth (t_modified) =7,

« Select count(*) fro m tradelog where

t_modified >=“2016-7-1’ and t_modified < ‘2016-8-1’
t_modified >=“2017-7-1’ and t_modified < ‘2017-8-1’

2 9 (Extra: Using Index)

WHERE/ORDER BY/GROUP BY Z=710] Q&I A ZH&H XY
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> F v —
A % % -~ . {{Idv..t; y 5 o -

Do not let you database/tables grow out of control!

- {2 MySQL instances/schemas/tables &2|5l= =7t AAE (> 2TB)
— HIO|&f AFO|=ZF A/ 2t QIEIA AT E HOA[LD 408, 2= SQL 21§ 0 I
— A& oFX| gé= O|= H|O| & Off CHSH A A K| SHA Lt OF7H0[ 2 d-5 X5}
— =S S50{Lt= H|O[=0f CHoHA CHAEZ M| OF &
— OtE|M H|O| 2= AF&5tH 1A H|0|E & AMA|ot=0H| d5 8 =&
- IpE[M 7| 7¢ Of ZEo et 2| 45 X 5t=
~ Insert 852 ¢l¢i 2 HOIE (197 0|4) 2 THE|M HO|E 2 |/0% 3t 24t
- d =M 2ROt 2 /=~ 2B A e =4
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Performance Tuning

Query Tuning




> F v —
W w - : ;f'a..r,r y 7 -

Source of Database Performance Problems

90% of Performance problems

Schema Changes
Data Growth

Hardware/configuration
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Query tuning from 10.000m

* Identify Slow Queries
» Correlation Graphs

* Query Response Time index (QRTi)
» Execution Statistics

MySQL Explain Plan
Profiling query
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Tune Queries

Add Indexes

Add optimizer hints
Change configuration

Better Performance




Monitoring

- OfSE|AH0|d X &£ E =2

 Slow Query Log
« SHOW FULL PROCESSLIST;

- performance_schema.events_statements
_summary_by_digest

- sys.statements_with_runtimes_in_95th_p
ercentile

- MySQL Enterprise Monitor “MEM”
= AlZH A SA

o

— Query Analyzer 7|5 :
7|dh O[H E dd, ME FHe| A =4

— Best practice performance advisors 7| s :
HMAC ds E=0| Cheh of 228 A Al
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ORACLE MySQL Enterprise Monitor

Dashboards ~ Events  Query Analyzer  Reports & Graphs ~

All group - Graphs for last 1 hour (EDT) Edit
Database Statistics

Database Availability

Day g% @ |
Week 737, @ e T —
Month 735, @ e

Graphs
Connections - All MySQL Instances

60
o
20
@ Total (SUM) 8 Running (SUM)
Database Activity - All MySQL Instances

@ Call (SUM)

Query Response Time Index

tatemen
=
o

Database Activity - All My

1 N7 & admin ) [}
Refresh: n
4 Current Problem MySQL Instances -
D Status Emergency < Critical 3 Warning
hanode4:3306 [ 4 13
mylab.localdo... 0 2 7
mylab.localdo... [ B 12
mylab.localdo... [ 3) 12
Showing 1104 of 4 entries Show / hide columns
-
Current Problem Hosts -
HEex
D Status Emergency ¢ Critical o Warning
mylab.localdo... 0 1 0
Showing 110 1 of 1 entries S s
=) Current Emergency & Critical Events -
Show| 25+ | entries Show / hide columns
fEe X

Topic Time -
Free Space Getting Low On Filesystem /... less than a minute ago

Subject
b & mylab localdomain, /...
50 +) mylab. in, ...
2 o

®Select (SUM) -~ @ insert (SUM) @ Update (SUM) @ Repiace (SUM) @ Delete (SUM)

saL Errors or War...  about a minute ago
mylab.localdomain, ...  Root Account Without Password 2 minutes ago

mylab.localdomain, ...

Root Account Without Password 2 minutes ago

18:13 |

Actions
x
x
x
x
mylab.localdomain, ... ‘Server Has Accounts Without A Password 2 minutes ago x
mylab.localdomain, ...  Server Has Accounts Without A Password 2 minutes ago x
hanode4:3306 Indexes Not Being Used Efficiently 2 minutes ago x
mylab. in, ... Server Has ‘Accounts 2 minutes ago x
] mylab. 5 Server Has Accounts 2 minutes ago x
o hanodad-330R Attamntad Connactions To Tha Sarvar H. 2 minutes ago x
SQL Instances LR x
: 6 day j0) - About

mlwstt

=]

@ select (SUM) @ Insert (SUM) @ Update (SUM)

Current < Worst S
() (') mylab.localdomain,
() (') mylab.localdomain,
@ mylab.localdomain,
o mylab.localdomain,
() () mylab_localdomain,
(') mylab.localdomain,
A A mylab.localdomain,
A A mylab.localdomain,

Subject
mylab.localdomain:3306
mylab.localdomain:3306
mylab_localdomain:3306
mylab.localdomain:3306
mylab_localdomain:3306
mylab.localdomain:3306
mylab_localdomain:3306
mylab_localdomain:3306

Topic

Root Account Without Password

Server Has Accounts Without A Password
Average Statement Execution Time Excess...
SQL Statement Generates Errors or Warnings
Server Has Anonymous Accounts

MySQL Instance Is Experiencing A Query P...
InnoDB Log Buffer Flushed To Disk After Ea...
User Has Rights To Database That Does Not...




> F 4 V4 - .
A % % -~ . \{I 'Y &P -
_ : : : V h & 2 ‘ 5 ; 7, v : . ¥ :

Analyzing queries

EXPLAIN (ZE|OO| M 2| 22 A=l =t0l)

EXPLAIN ANALYZE (8.0.190| M =7H

Profiling”| s 22 #H2| A& &~ =0l

— SET profiling=1; SHOW PROFILES;

— INFORMATION_SCHEMA. PROFILING

Optimizer trace (2 & 7S 2t Optimizer 2= 2H2)
A 2SS EMEL0 CHA| BEAM S 2

T = ™

— 0 & =™ subqueriesE joinsC £ 22 ORE UNIONL Z

Optimization”} 0| =: https://dev.mysql.com/doc/refman/8.0/en /optimization.html
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https://dev.mysql.com/doc/refman/8.0/en/information-schema-profiling-table.html
https://dev.mysql.com/doc/refman/8.0/en/optimization.html

> F v —
A % % -~ . {{Idv..t; y 5 o -
_ SLR B — e

Explain output

EXPLAIN Columns:

select_type SIMPLE,PRIMARY, Union, JOIN , Subquery, Derived, Union_result, Dependent subquery...
table Ho|= &

partitions IOrE[H &

type const(L 2 7|), eq_ref(PK), ref(21H2), range(2 & A ),index(QI = A A7H), all(E|0]| & A 7H)
possible Keys MEH L5 S O Tl A

key AN AFRSH QI A

ref Ol G| A of H| Mt Z 2

rows o= A=

filtered 23| ZAHO| o8 ZE 2= HME S

extra using where, using index, using temporary, using file sort, using join buffer...

Get total “cost” of query by multiply all row counts in output.

37
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Solving the problem!

38

2| 282 2MSt CHA| 2
HMEtSt OlEl A S =7}

Ot A EAE ZHAl: ANALYZE TABLE
= E|OFO| X BIEE ALE:

— Join-Order Optimizer Hints
— Table-Level Optimizer Hints
— Index-Level Optimizer Hints and more

— R ¥

optimizer_switch

— SELECT @@optimizer_switch\G
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https://dev.mysql.com/doc/refman/8.0/en/server-system-variables.html

3 SN S - R T/ 7 PSS S N S

JOIN

Index Nested-Loop Join

mysgl> explain select * from tl1 straight_join t2 on (tl.a=t2.a);

BT Fmmmm e e Hmmm— e e e ————————— pmmm R e +
| id | select_type | table | partitions | type | possible_keys | key_len | ref | rows | filtered | Extra

B S e e e e e o e e +

| 1 | SIMPLE | t1 | NULL NULL | NULL | NULL 100.00 | Using where |
1 | SIMPLE | t2 | NULL | test.tl.a | 100.00 | NULL
e B e G

Block Nested-Loop Join(join_buffer_size)

mysgl> mysql> explain select * from tl straight_join t2 on (tl.a=t2.b);
B T e e e B e B
| id | select_type | table | partitions | type | possible_keys | key | key_len
e e e e B e o
| 1 | SIMPLE | t1 | NULL | ALL | a | NULL | NULL NULL | 100 | 100.00 | NULL
1 | SIMPLE | t2 | NULL | ALL | NULL | NULL | NULL NULL | 1000 | 10.00 | Using where; Using join buffer (Block Nested Loop)
B o e o i e e e et o e e e o +

T2H|O| 0| 21 AE F7} NLIS BKA(Batched Key Access Join) 2 2t
set optimizer_switch="mrr=on,mrr_cost_based=off,batched_key_access=on’;
Using join buffer (Batched Key Access)




Hash JOIN

- Hash Join X| &(8.0.205% E{ BNLLCH X))

— Inner non-equi-join

— Semijoin:

— Antijoin:

— Left outer join:

— Right outer join

— join_buffer size £ 22| 2
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mysql> EXPLAIN FORMAT=TREE
-> SELECT * FROM t1
= JOIN t2 ON (tl.cl = t2.c1)
= JOIN t3 ON (t2.cl < t3.c1)\G

khkkkhkkkhkhkkkhkkkkhkkkkhkitkhkkrhkkhkkrkkki*k 1 row E R S S S S S e S
.

EXPLAIN: -> Filter: (tl.cl < t3.c1l) (cost=1.05 rows=1)

-> Inner hash join (no condition)
-> Table scan on t3 (cost=0.35
-> Hash

-> Inner hash join (t2.c1 =

-> Hash
-> Table scan on t1

(cost=1.05 rows=1)
rows=1)

tli.cl) (cost=0.70 rows=1)
-> Table scan on t2 (cost=0.35 rows=1)

(cost=0.35 rows=1)
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Performance Top 10 tips!
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Tip 1: Monitor your databases

Without monitoring you are blind.
Monitor the database and OS.
Monitor over time, monitor query statistics.
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Tip 2: Make small incremental changes

Change one parameter, test/monitor,
change the next one.
Document changes in behaviour.
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Tip 3: Use InnoDB

MyISAM have table level locks.
InnoDB is ACID.

InnoDB scales on modern HW.
Online DDL
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Tip 4: Understand “explain”

Query tuning is the holy grail of

performance tuning and explain is the
most important tool for query tuning.
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Tip 5: Delete/archive old data

Large instances/tables are one of the
most common problems for slow queries.
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Tip 6: Use SSD/NVMe drives

If your working-set of data does not fit
into memory make sure you have a fast
disk system (for random IO operations).
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Tip 7: Use MySQL 8.0

MySQL 8.0 scales better than older
versions of MySQL, the optimizer have
also been improved with hash-joins and
histograms.
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Tip 8: Avoid long running transactions

Huge risk of locking contention, separate
your OLTP and OLAP functionality on
separate MySQL instances.
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Tip 9: Use foreign keys with care

Foreign keys are good for consistency but

in general bad for performance and takes
more locks.
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Tip 10: Avoid complex SQL

Hard to understand, hard to optimize and
in many cases slow.
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MySQL Enterprise Edition

|z X &

¢ 7|z X2
o 24 Bl M| A
ol

®* Oracle
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MySQL Enterprise Support

- A|CHo| MySQL Y X|L|of ! X| & =X
- MySQL 7HZ XS] 24 X[ &

- b= O X[ &

- R & A E ZES

« 24X7x365

- Mgt gle SR U=

- U2 MH[A

o
- =222 X §
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Get immediate help for any MySQL
iIssue, plus expert advice




MySQL Enterprise Consultative Support

- ®4 Ed{E 8
- A 2|7

E|M 2[R

. A7|OF 2|2

- el 2[R

- 85 S Get immediate help for any MySQL
_and more iIssue, plus expert advice

—|:|—|
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More information

55

https://dev.mysqgl.com/doc/refman/8.0/en/optimization.html

https://dev.mysqgl.com/doc/refman/8.0/en/optimizing-innodb.html

http://dimitrik.free.fr/blog/

https://blogs.oracle.com/mysql/

https://lefred.be/

5 MySQL A8 A 15
— https://www.facebook.com/groups/623067261102382/
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https://dev.mysql.com/doc/refman/8.0/en/optimization.html
https://dev.mysql.com/doc/refman/8.0/en/optimizing-innodb.html
http://dimitrik.free.fr/blog/
https://blogs.oracle.com/mysql/
https://lefred.be/
https://www.facebook.com/groups/623067261102382/

ZHAFSHL| C}

- = .

Huishan.piao@oracle.com
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