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ÅMySQL HeatWave Service ↑─ ⁸

Å ⌂ ╩ ⇔≡⅔╡⁸HeatWave─ ™ ↕╩ ⇔⁸
Ɽⱨ◊כⱴfi☻≤ ╩↕╠⌐ ≢⅝╢

Å ⌂ │ ─9≈

Å▪♪Ᵽ▬◙כ
Å ⱪ꜡ⱦ☺ꜛ♬fi◓⁸ ⁸♪כ꜡ ♃כ♦ ⁸ ◄fi◖כ♦▫fi◓

Å ⌐ ⌐⌂∫≡™╢
Å כꜞ◄◒ ⁸ כꜞ◄◒ ⁸ ⁸

fi◓⁸ꜞכꜙ☺◔☻ ꜞⱣ◌ꜞהכꜝ◄

MySQL Autopilot ≤│
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MySQL Database Service
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MySQL DatabaseNStandardME3 $0.038 OCPU per hour

MySQL DatabaseNStandardME3MMemory $0.0022 Gigabyte per hour

HeatWaveNStandardME3
*minimum 3 nodes ($789 per months)

$0.3536 Node Per Hour

MySQL

Autopilot

Data driven 

Query driven  

ML Automation
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MySQL Database Service
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MySQL Database Service: Standard E3 AMD 16GB/ Core, all regions have the same price.

Amazon RDS: Intel R5 16GB/ Core, AWS US East.
Azure: Memory Optimized Intel 20GB/ Core, MS Azure US-East.

Google: High Memory N1 Standard Intel 13GB/ Core, GCP Northern Virginia.

Configuration: 100 OCPUs, 1 TB Storage.

$65,83 3

$215,652 $212,974

$170,244

$0

$50,000

$100,000

$150,000

$200,000

$250,000

MySQL Database Service Amazon RDS Microsoft Azure Google Cloud SQL

100 OCPU ( 200  vCPU) , 1TB

https://www.oracle.com/mysql/
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Auto Provisioning

ⱡכ♪ ─ ╙╡│ ⅜

⅛⅛╢ ⌐ ⅜ ™

ⱴכ◐☻ ⁸

ꜟⱩכ♥ ╩

ⱡכ♪ ╩

⌐ ∂≡ ╙╡

MySQL

HeatWave
nodes

ADVISOR  PROVISIONING

⌂ⱡכ♪ ╩

╙╡

MySQL

HeatWave
nodes

Autopilot

⌐╟╢ⱷ⸗ꜞ ─ ╩

∫≡ ⱡכ♪ ╩

vs
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Å HeatWaveⱡכ♦│♪כ♃╩ ≢ⱷ⸗ꜞ ⌐ ∆╢√╘⁸ⱡכ♪ ⌐ ♃כ♦╢⅝≢ ⌐│

⅜№╢

Å ≤⇔≡│⁸1 ─HeatWaveⱡכ♪≢ 400GB─♦כ♃╩ ≢⅝╢

Å HeatWaveⱡכ♦⌐♪כ♃╩ ⇔ ⅞√ כꜞ◄◒⁸ ⌐Out Of Memory◄ꜝכ⅜

∆╢ ⅜№╢

Å Auto Provisioning≢ ↕╣╢ⱡכ♪ │⁸Out Of Memory◄ꜝכ⅜ ⇔⌂™≤ ⅎ╠╣╢

HeatWaveⱡכ♪ ─

Å HeatWave│ ⌐╟╡⁸ⱡכ♪ ╩ ∆╢╒≥ ⅜ ≡∫⌂⌐כꜗ♅◒♥◐כ▪╢∆

™╢√╘⁸Auto Provisioning⌐╟╡ ↕╣√ ╟╡╙ⱡכ♪ ╩ ╛∆↓≤│ ™

Auto Provisioning
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Auto Provisioning results
⁸ ⁸

⅜♃כ♦─ 0.1% > ─ ⌐☻◐ꜗfi↕╣╢

E
rr

o
r 

%
 

Sample size

Adaptive sampling

0.01% 0.1%
♩♇☿♃כ♦ TPCH 1024G TPCDS 1024G Cust A  Cust B 

ⱷ⸗ꜞ ─
98.4% 96.9% 98.3% 96.9%
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ADVISOR  PROVISIONING



HeatWave
nodes

Auto Parallel Loading

ADVISOR  PARALLEL LOADING
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HeatWaveⱡכ꜡╩♃כ♦⌐♪כ♪∆╢

√╘⌐ ─2☻♥♇ⱪ⅜

♪כ꜡.1 ⌐ꜟⱩכ♥

SECONDARY_ENGINE╩

♪כ꜡.2 ⌐ꜟⱩכ♥

SECONDARY_LOAD╩

MySQL

HeatWave
nodes

1≈─ ∞↑≢ ╩ꜟⱩכ♥

HeatWaveⱡכ꜡⌐♪כ♪

MySQL

Autopilot

Å ⌐HeatWaveⱡכ♪⌐ ♪כ꜡╩♃כ♦

Å꜡כ♪ ╙ ↕╣╢

vs



Å Auto Parallel Loading╩ ⇔⌂™ ꜟⱩכ♥⁸ ⌐ ─ ╩ ∆╢ ⅜№╢

1. ALTER TABLE ♥כⱩꜟ SECONDARY_ENGINE=RAPID

2. ALTER TABLE ♥כⱩꜟ SECONDARY_LOAD

Å ⌐ꜟⱩכ♥ ♪כ꜡╢∆ ╩ ∆╢√╘⌐│⁸ ☿♇◦ꜛfi⅛╠ ⌐ꜟⱩכ♥╢⌂ ⇔≡

₈ALTER TABLE ♥כⱩꜟ SECONDARY_LOAD₉╩ ∆╢ ⅜№╢

Å₈ALTER TABLE ♥כⱩꜟ SECONDARY_LOAD₉│⁸꜡כ♪ ⅜ ⇔≡⅛╠ ⅜ ∫≡ↄ╢

Å ⌐ꜟⱩכ♥1 ♪כ꜡╢∆ ─ │⁸innodb_parallel_read_threads ─ ⌐ ∆╢

Å♥כⱩꜟ ⌐ innodb_parallel_read_threads ╩ │─╢∆♪כ꜡╠⅜⌂⇔ ⅜⅛⅛╢

Auto Parallel Loading
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Auto Data Placement

♃כ♦╢╟⌐ ≢│⁸ ⌂

Ɽⱨ◊כⱴfi☻╩ ╢↓≤│ ⇔™

Å꞉ ⌐♪כ꜡◒כ ≠™≡⁸ ♃כ♦⌂ ╩כ◐

Å ♃כ♦√⇔ ╩כ◐ ⇔√ ⌐≥╣ↄ╠™

⅜ ∆╢⅛╙

כꜞ◄◒

כꜞ◄◒ ⌐ⱡכ♪ ≢

♃כ♦ ∆╢─│ ◖☻♩

(JOIN ⌂≥≢ )

♃כ♦⌂

╩כ◐

∂ⱡכ♪
≢꞉כ꜡◒כ♪⌐

╦∑≡ ⌂

╩כ◐

כꜞ◄◒

Autopilot

vs
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ADVISOR  DATA PLACEMENT

∂ⱡכ♪
≢

∂ⱡכ♪
≢



Å♦ⱨ◊ꜟ♩≢│⁸ ≡⇔⌐☻כⱬ╩כ◐ HeatWaveⱡכ♦⌐♪כ♃╩ ∆╢

Å כ◐ ─ ♃כ♦╩ ⌐כ◐ ∆╢↓≤╙≢⅝╢

Å JOIN╛ GROUPBY╩ כꜞ◄◒╗ ♃כ♦⁸⌐ ╩כ◐ ╩♃כ♦≡⇔ ⇔≡⅔™√ ⅜

HeatWaveⱡכ♪ ♃כ♦─ ⅜ ⅎ╠╣╢ ⅜№╢

Auto Data Placement
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Auto Data Placement ⌐╟╢
⸗♦ꜟ⅜ ⅎ∏ ⇔⁸Ɽⱨ◊כⱴfi☻ ⌐

♩♇☿♃כ♦

♦ⱨ◊ꜟ♩
≢─

♃כ♦) ⅜כ◐
─כ◐ )

Auto Data 
Placement⌐╟╢

↕╣√

Auto Data 
Placement⌐╟╢

─

TPCH 1024 332 sec 26% 37% 

TPCH 4096 373 sec 20% 25%
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ADVISOR  DATA PLACEMENT



Auto Encoding

ADVISOR  AUTO ENCODING
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Autopilot

vs

VARLEN or  SORTED

MySQL

HeatWave
nodes

MySQL

HeatWave
nodes

⌂◄fi◖כ♦▫fi◓ ╩

▪♪Ᵽ▬☻

⌐◄fi◖כ♦▫fi◓ ⅜כ◙כꜚ╩

(♦ⱨ◊ꜟ♩│VARLEN)

⌐ ⌂◄fi◖כ♦▫fi◓ ╩



Å ─ ─◄fi◖כ♦▫fi◓ ⌐│ 2 ⅜№╢

Å VARLEN(Variable-length encoding) β♦ⱨ◊ꜟ♩

Å SORTED(Dictionary encoding)

Å ─ ⅜ ⌂™ ⌐ ⇔≡SORTED╩ ∆╢ ⅜Ɽⱨ◊כⱴfi☻⅜ ∆╢ ╙№╢

Å ⌐ ⇔≡SORTED╩ ∆═⅝⅛≥℮⅛ ∆╢─│ ⅜⅛⅛╢

Å SORTED─ ⁸ ╩ ⅎ⌂™⁸LIKE ╩ ⅎ⌂™⁸JOIN─◐כ⌐ ≢⅝⌂™⁸⌂≥─

⅜№╢↓≤⌐

https://dev.mysql.com/doc/heatwave/en/dictionary -encoding.html

Å Auto Encoding ─▪♪Ᵽ▬☻│⁸↓╣╠─ ╩ ⇔√╙─≢│⌂™

Auto Encoding
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https://dev.mysql.com/doc/heatwave/en/dictionary-encoding.html


Å Auto provisioning

Å○ꜝ◒ꜟ◒ꜝ►♪─◖fi♁כꜟ ⅛╠

Å Auto Parallel Loading

Å sys.heatwave_load() ⱪ꜡◦כꜗ☺כ╩
https://dev.mysql.com/doc/heatwave/en/auto -parallel-load.html

Å Auto Data Placement

Å sys.heatwave_advisor() ⱪ꜡◦כꜗ☺כ╩
https://dev.mysql.com/doc/heatwave/en/advisor -data-placement.html

Å Auto Encording

Å sys.heatwave_advisor() ⱪ꜡◦כꜗ☺כ╩
https://dev.mysql.com/doc/heatwave/en/advisor -auto-encoding.html

∕╣∙╣─ ─
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βsys.heatwave_advisor() ⱪ꜡◦כꜞ◄◒⁸│⌐כꜗ☺כ ─ ╩ ≢⅝╢Query insights≤™℮ ╙№╡╕∆
https://dev.mysql.com/doc/heatwave/en/advisor -query-insights.html

https://dev.mysql.com/doc/heatwave/en/auto-parallel-load.html
https://dev.mysql.com/doc/heatwave/en/advisor-data-placement.html
https://dev.mysql.com/doc/heatwave/en/advisor-auto-encoding.html
https://dev.mysql.com/doc/heatwave/en/advisor-query-insights.html


Å♦⸗
https://youtu.be/CyuBxBryJVA

Å♦⸗

1. Auto Provisioning

Å TPCHⱬfi♅ⱴ4≢◒כTB─♦כ♃╩ ⇔√ ≢⁸HeatWaveⱡכ♪⅜ ⱡכ♪ ⅛╩

2. Auto Parallel Loading

Å HeatWaveⱡ⁸♪כHeatWave ─MDSⱡכ♪─∕╣∙╣⌐≥╣ↄ╠™ⱷ⸗ꜞ⅜ ⌐⌂╢⅛╩ ╙╡

Å ꜟⱩכ♥ ⌐ ⌂ ╩ ♪כ꜡╩♃כ♦≡⇔

3. Auto Data Placement

Å TPCH─◒◄ꜞכ╩ ⁸Auto Data Placement▪♪Ᵽ▬◙כ─ ╩

Å Auto Data Placement▪♪Ᵽ▬◙כ─▪♪Ᵽ▬☻╩ ⇔√ ≢⁸TPCH─◒◄ꜞכ╩

▪♪Ᵽ▬◙כ ─♦⸗
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╩ ⇔√MySQL HeatWave─

Auto Parallel Loading
Auto Data Placement

Auto Encoding

Auto Scheduling
Auto Change Propagation
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Auto Query Plan Improvement

Auto Error Recovery

Auto Provisioning

MySQL 
Autopilot

Data-driven 
Query -driven  
ML automation

AUTOMATION  AUTOPILOT
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SQL ─ ◓fi♬כꜙ♅ - Auto Query Plan improvement
↕╣√◒◄ꜞ╩ ⇔≡HeatWave○ⱪ♥▫ⱴ▬◙כ⅜ ╩

Node Statistics

A 70

B 150

A B 1000

C 7

A B C 7

A B

C

Query #1
A B C

Runtime stats

Query #2
A B U D

MySQL Autopilot⌐╟╢TPC-H, TPC-DS 24TB─

A B

D

U

40% 

AUTOMATION  QUERY PLANNING
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OLTP + OLAP≤ ─ ─ ∟ ╩

Å ─ │ ⌐♩ꜝfi◙◒◦ꜛfi≢─ ╟╡╙
⅛⅛⅛╢

Å HeatWave│∕╣∙╣─◒◄ꜞ─ ╩

Å ─ ™◒◄ꜞ│ ™◒◄ꜞ╟╡╙ ↕╣╢

Å◒◄ꜞ─ ⌐ ╩ ⅎ∏⌐ ∟ ╩

◒◄ꜞ ─ - Auto Scheduling
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Short queries in workload

Query Baseline (sec)
Auto -Scheduling 

(sec)

Elapse Time 
Improvement

12 26.03 7.43

16 27.18 12.45

10 18.93 12.62

7 16.27 12.08

19 18.24 13.81

Geomean 20.89 11.43 45.29%

Long queries in workload

Query Baseline (sec)
Auto -Scheduling 

(sec)

Elapse Time 
Increase

21 62.17 65.59

18 44.37 59.41

9 31.42 25.59

17 38.06 42.07

1 22.02 23.56

Geomean 37.34 39.72 6.36%

Q1

Q2

Q3wait

wait

Session 1

Session 2

Session 3

Time

Q1

Q2

Q3wait

wait

Session 1

Session 2

Session 3

Time

BASELINE

AUTO 
SCHEDULING

23

AUTOMATION  DATA SCHEDULING



Introducing

Oracle Cloud Infrastructure─╖≢

Scale-out Data Management
for MySQL HeatWave
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♃כ♦ ─ ♃▬Ⱶfi◓╩ - Auto Change Propagation
MySQL≢ ┼כꜘ▬꜠ה☺כ꜠♩☻ה♩►▪ꜟכ◔☻╩♃כ♦√╣↕ ∆╢♃▬Ⱶfi◓╩Autopilot⅜

⌐
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SCALE  SCALE-OUT DATA MANAGEMENT
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ÅHeatWave◒ꜝ☻♃כ ≢
ⱶ▬♃ꜟ▪ꜞ╩♃כ♦√╣↕
≢○Ⱪ☺▼◒♩☻♩꜠כ☺⌐

Å ─ ╩╙≈ ─
⸗♦ꜟ⌐╟╡♃▬Ⱶfi◓╩

Å♦כ♃─
Å ☼▬◘♃כ♦╢╣↕
ÅDML─♃▬ⱪ
Å○Ⱪ☺▼◒♩☻♩꜠כ☺
≤─



○Ⱪ☺▼◒♩☻♩꜠כ☺─ - Scale-Out Data Management 
∏╠╦⅛⅛⌐☼▬◘♃כ♦ ♪כ꜡♃כ♦─
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SCALE  SCALE-OUT DATA MANAGEMENT
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Å♦כ♃│ ↕╣⁸ⱷ⸗ꜞכ
─ⱨ◊כⱴ♇♩─╕╕
↕╣≡○Ⱪ☺▼◒♩☻♩꜠
⌐☺כ

Å○Ⱪ☺▼◒♩☻♩꜠כ☺─
╩ ⇔⁸Ɽכ♥▫◦ꜛfi
≢ ♪כ꜡╩♃כ♦≢

ÅMySQL≢─ │
○Ⱪ☺▼◒♩☻♩꜠כ☺⌐

⌐
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HeatWave ⁸



MySQL HeatWave⌐

AWS Aurora⅛╠ ∆╢↓≤≢⁸

⅜10 ⇔⁸◖☻♩╙

⌐ ∆╢↓≤⅜≢⅝╕⇔√

⇔⅛╙⁸∕─√╘⌐

▪ⱪꜞ◔כ◦ꜛfi╩ ∆╢

│№╡╕∑╪≢⇔√⁹

ⱨ□fi◖Ⱶꜙ♬◔כ◦ꜛfi☼ A8
ⱪ꜡♄◒♩ A8 2.0
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Å ─◒ꜝ►♪⅛╠ ≥☻כⱬ♃כ♦ ╩ ∕─ ≤
ⱨ□fi◖Ⱶꜙ♬◔כ◦ꜛfi☼

Å A8.net≤™℮▪ⱨ▫ꜞ◄▬♩◘כⱦ☻─ ≤⇔≡HeatWave╩ ™√ ⌂≥⌐≈™≡
⇔≡ ⅝╕⇔√⁹

Å ⸗ⱦꜞ♥▫כ◘הⱦ☻ ♃כ♦─╘√─ ה
♩ꜜ♃

Å♩ꜜ♃ ⌐⅔↑╢◖Ⱡ◒♇♥♇♪◌כ⌐ ∆╢ ╡ ╖⌐≈™≡ ⅜№∫√ ⌐⁸
◖Ⱡ◒♇♥♇♪◌כ⅛╠ ↕╣╢ ╩♃כ♦⌂ ⌐ ∆╢ ≤⇔≡HeatWave⌐

⇔≡™╢↓≤⅜ ═╠╣≡™╕∆⁹╕√⁸HeatWave╩ ⌐ ⇔√ ─◘ⱴꜞכ⌐
≈™≡╙ ⇔≡ ⅝╕⇔√⁹

Oracle Cloud Days 2021 ≢─HeatWave ─
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β☿♇◦ꜛfi │ URL≢ ⇔≡™╕∆ −└↔ ↕™
♃כ♦₈) ה ╩fi₉ꜛ◦כ♀▬♫♄⸗כ◦●꜠₉⁸₈ ↕™)
https://www.oracle.com/jp/cloud/events/cloud -days/on -demand/

https://www.oracle.com/jp/cloud/events/cloud-days/on-demand/


MySQL╩↔ ─⅔ ⌐HeatWave─ ╩ ⇔≡™√∞ↄ ⱪ꜡◓ꜝⱶ

: 
MySQL╕√│ ☻כⱬ♃כ♦─ ╩↔
─⅔

:
MySQL─♁ꜞꜙכ◦ꜛfiה◄fi☺♬▪⅜ ⇔
─ ╩

Å ─ ⌐ ⅜№╢SQL ─

Å♥☻♩♦כ♃⌂≥╩HeatWave⌐꜡כ♪

ÅHeatWave─ ≢─

MySQL HeatWave Ɽⱨ◊כⱴfi☻Ⱬꜟ☻♅▼♇◒
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