HEz=E3JMEERIMySQL HeatWavez=BRSS

QiHELL: 00ERIFHR, IBARTNEZRANMSEIRSEHANESTHEME
SHRSET, SAHERPRZESAE!

SRR = EERE REXZRARS




HANL5 21 D REFIMyYSQL HeatWave

TRERDE
Principal Solution Engineer
MySQL Global Business Unit

2
i
#
r
#

9 Copyright © 2022, Oracle and/or its affiliates. All rights reserved.



NRIE = g

MySQL?

d

zak
{5 B P )32 4 2 15 50 9 I

REHE S B
BT HCGE R GRS SR

‘gmm%%@
AT b iEE A

T A
1A T AR PV T U A

3 Copyright © 2022, Oracle and/or its affiliates. All rights reserved.



A% MySQL Database Service (

{8 FHMySQL A fil
@ unnmip

@ izonxzx

‘ PRI I 4T 1 22 4 ST

‘ 57 HIMySQL100% 5 4
‘ K EMySQLE FX I EAR S

B HE A R

Copyright © 2022, Oracle and/or its affiliates. All rights reserved.




MDS/ifi

CUSTOMER PREMISES

. —-‘k
R .
Dev or pe
Admin =Zl</>

4

USER TENANCY |

MySQL eV hix 2 it 2 Al 55

OCI REGION

HTTPS

______________________________

AVATLABILITY DOMAIN 1

F P 5%

S
a5

€ SCEHE VT IR AR B SR

SSH

i

Client App

o —— ——

MYSQL DATABASE

ENDPOINTS

e o o - —— —

1
1
1
]
]
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
MySQL -
1
1
1
1
1
1
1
1
|
1
1
1
1
1
1
1
1
1
1
1
1
1

I
I
I
I
I
I
I
I
I
I
I
]
1
I
I
I
I
I
I
I
I
I
I
I protocol
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Copyright © 2022, Oracle and/or its affiliates. All rights reserved.

Oracle i3

w5 A

HAT B sl 5672 ThRe
= A]

K- S5EEY

B FE AR AE R Giab T
W AEAT H S AL PR

My SQL AV i H ) 1 2R T




70 % 5 Amazon RDSHH EL 5448 A

MySQL Database Service: 1 Year TCO
100 OCPUs, 1TB Storage

$215,652 $212,974

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.

$170,244

Amazon RDS

3
%

$65,833

-
(=
7]
o
3
=
)
-
)
)
-]
O

+ 30% Cost

s T g}or L (_irﬁlt_itesaAfI n&gssrelgg\gg and outbound traffic is FREE for the first 10 TB per month



https://aws.amazon.com/rds/mysql/pricing/
https://azure.microsoft.com/en-us/pricing/details/mysql/
https://cloud.google.com/sql/pricing#2nd-gen-pricing

>

MDSEREER E

20X

Transactions Per Second

7

12000

10000

8000

6000

4000

2000

1 4 16 32 64 1286 256 512 1024 2048 4096 8192
Simultaneous Database Connections
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[@ B 3 3k ) Ay Oracle Cloud Infrastructure-Wide
Soqc ol

BB RLHLP A
BRI B

VM/ VM/
f:nrecf‘ (1 1agt
3

bbb

VM/ VM/ VM/
Guest Guest Guest
0S 0S 4 0S

A

Container (Optional)
Hypervisor

445 5 L P

TS

: Netv_vorl_<

Isolated Network
Virtualization
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MySQL Database Service: & 7] H 1
HA B E5 R M B RN B RSt

— ] Create MySQL DB System

H sl bR 1%

Pe ms AT (8] Standalone High Availability

B & F o0 Single-instance MySQL DB Run 3-node MySQL DB System
System providing automatic failover and

zero data loss

Recover Time Objective (RTO): 43

Recovery Point Objective (RPO): 0
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%5/} MySQL Shell 8.0.28

Oracle Cloud Infrastructure (Region)

Availability Domain

______________________________________________________

| b :
| ;! 1
20 ! Loy :
; | ooo o , !
= === A
— < - >

Internet Gateway E Bastion : i g :
X Service Yy :
X oD : i MySQL Dfatabase 0
MySQL Shell X ! EEE ! : Service !
8.0.28 xxel | — L 172161.64 :

X X. 1 1

1

|
|
|
|
|
SSH tunnel : @

< > | <
|
|
|
|
: Route Table N = Tt

e.g. mysqlsh root@172.16.1.64:3306 --password=Welcome1! --ssh=0pc@140.83.38.174 --ssh-identity-file=~/.ssh/id_rsa
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i VPN (SSL, IPsec)iZ#z MDS
fs i MySQL Shell 8.0.28

e.g. mysqlsh root@172.16.1.64:3306 --password=Welcome1!

Oracle Cloud Infrastructure (Region)

Availability Domain

Private Subnet

MySQL Shell
SSL VPN
v
VPN

2

Internet Gatewa;\ ( %

A
cpE dols -
VPN
SIQ:; ///// IPSec VPN

MySQL Shell

e.g. mysqlsh root@172.16.1.64:3306 --password=Welcome1!
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MySQL A 7 253 % FHOLTP AIOLAP % 4t
HE 55 14T % 2 A £ OLAP LA f 3t A7t AL,

OLTP DB

OLTP Applications [R5 > g N
MySQOL.

ETL

1
1
1
1
1
1
1
i

OLAP DB

OLAP Applications €mmmmm e > @
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Oraclez AL IMyYSQL HeatWave $4 IRk 55
LFHESEWAMETL, fN#OLTPFHOLAP T {E

1. —AMySQLE#EE, AT
OLTPAIOLAP S F F& ¢
OLTP _OLAP
OLTP Applications |Rees > . E — =) .
Database mmmmennea > (l v)I) 2. B4 XA ETE TR
Service L L'
‘ """""" > MyS& tnnobB HeatWave 3. BHMNARSEBEME
NS 2!
MySQL.
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MySQL HeatWave % ¥ 2 ik 25 2244

MySQL Client
OLTP/ OLAP/ ML Application

Analytics/  Query
ML Query  Result

MySQL DB System |

: R

HeatWave Cluster
Query Acceleration
Machine Learning

&)

InnoDB HeatWave
Plugin

HeatWave
Storage
Layer

| AQ

O

Ocl
Object Storage
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HeatWave: SZH 73 Mt
i AMySQL 4 v] PLAE —FP N 34T 40 A 1)

Insert/ Analytic Query
Ur@ate Query Results
MySQL Database Service HeatWave Cluster

MySQL Compiler & Optimizer Analytic Job Scheduler
Query
OLTP Query Analytic Query Pushdown : :
Optimization Optimization > Analytic Query Execution
MySQL Execution InnoDB 3 In-Memory @sresentation
Real Time
T Update
Results
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{EFEMySQL HeatWavef #1285

MySQL Heatwave

O Zeppelin o
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Prediction /
Explanation
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Heatwave ML
5 H A PIMLAE A 7575060 B

Without ML in MySQL

ML
I Model ML
Model « Training

pra—

Pull
data

ML ML
B« N —

Data Analytics Processing
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SQL Client

I Sensitive Model/Data
Boundary

1
|
1
|
1
ML in MySQL I
|
1
: ML Training

HeatWave

Data Analytics Processing



Oracle AutoML
B 3h 4 B — M ERH A ERTE B A

Model Prediction

Algorithm Feature

Adaptive

Preprocessing Hyperparameter

Sampling Explainer Explainer

Selection selection Optimization

_ . Tuned
Generate Model Train Prediction Model

explanations Explainer

Cleanse, impute &  |dentify top kK Fijter relevant  S€lECt suitable  Identify optimal
normalize features  algorithms ColUMNS sample hyperparameters

AutoMLA 24~ H AL AL B D R, 3K A Tl

« dEEREIE X
o FIFHE A E 55 1 e B & 5
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o HJYRETH
o FTEBYBESRI 7T AR S IR, B> T TR
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Machine learning in action with MySQL HeatWave

OLTP
Applications
E S 1 ’/,
Social |¥ % @
& Real-time ML
recommendations
—

ECommerce :%ED

a
FinTech |™§
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HeatWave ML vs Redshift ML: E&Nk

v FEEEERRIGER

'l

IRE IR E R 255

v 1% YRR

v INESREN LAY

EENREIEENE: https://www.oracle.com/mysgl/heatwave /performance/
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https://www.oracle.com/mysql/heatwave/performance/

EFE=HATBOLTP, OLAP, & ML
B INE R MEESEI T A, AR HeatWaveSEEEHI A/

REAL-TIME ELASTIC RESIZING

Admit queries to Admit queries
N node HeatWave cluster to N+K node HeatWave cluster

Initiate Allocate Load base tables Syne
resize K nodes on K nodes Metadata
SHCE EEE EEEEEE :
Snowflake EEEE AN NN AWS Redshift
by (PR e dyl 10 =15 minute quer
Onlv scale to N TR TP q y
their i SEff NS EEEEEEEE blackout and manual
elr sizes S [T - .
ARSI balancing required
32 64 128
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3 FO0racle Cloud Infrastructure HJ MySQL Database Service
TR, &, ZFEF100%H0racl effit

B

MySQL

Automation MySQL On-Premises MySQL Database Service

Scaling Q 0

Backup ° 0
Database

Security Patch & Upgrade Q Q

Provision & Configure ° 0

OS Security Patch & Upgrade ° 0
0OS

OS Installation Q 0
Server Hardware Purchase & Maintenance ° Q
Storage Storage Purchase & Maintenance ° 0

Rack & Space Q 0
Data Center

Power, HVAC, Networking ° 0
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AUTOMATION » AUTOPILOT

MySQL HeatWavelJZ:THlis IR Z 4 Halth

ADVISOR

(

P

Auto Parallel Loading
Auto Data Placement
Auto Encoding

Auto Provisioning

MySQL
Autopilot

Data-driven
Query-driven
ML automation
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AUTOMATION PROVISIONING

H3IEE&

L7 > TR A A7 DU -2 0/

Provision right
cluster size

Autopilot

(o @ ___, MySQL
A@% History Repo ),
HeatWave
nodes
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AUTOMATION »PROVISTIONING

HEIERELER

FEEE T, CRE, &H3)

Adaptive sampling

0. 01%

Error %
o
[S—
=

Sample size

< 0.1% of data scanned for prediction

[ wove s s oms

Accuracy

in memory 98.4%

prediction

96.9% 98.3% 96.9%
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AUTOMATION PROVISIONING

o RAMYE AW N IR BN AT A o X B ) mE )
o IZATHS T 2t

::> No data
movement

::> No data
movement

No data
movement

Workload—aware
placement keys LLLL}
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AUTOMATION »DATA PLACEMENT

HEIERELER

PEER AR 2 2], TEREIR

Dataset Tirri?:aeritI?e Predicted Actual
atase P Y Key improvement improvement
placement
TPCH 1024 | 332 sec 26% 37%
TPCH 4096 | 373 sec 20% 25%
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AUTOMATION » QUERY PLANNING

5 3Bt E W TR

DAL BRI B AT A, = ST At A it il

Query #1 Query #2
ABIC A BUD

Node Statistics

A 70

{ o ™
c o

U

/

' P>}
ApiBrC
Runtime stats

MySQL Autopilot improves TPCH, TPCDS 24TB performance by 40%
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AUTOMATION »DATA SCHEDULING

H 3
AN B 1 6 1 2 AT 025
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SCHEDULING .
Time

Session 2

v

Session 3

PRl IR A T AE R S5 A7 I [A]
(OLTP + OLAP)
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MySQOL.

HeatWave
ORACLE CLOUD aWws
Infrastructure N\ >)

NENTHITIN, IRESERIENTY
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MySQL HeatWave on AWS

. MySQL HeatWavelz{TfEAWS £, FHRIAWSERNKIEHT T L4t
« BIBASBFHAWS—DERENMAS, FERASHNMESH
. HiEMySQL HeatWavesR{KHIZER

« SAWSASZEKFZZER- S3, CloudWatch, PrivateLink
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MySQL HeatWave JOLTPiEH 7 Et Aurora S 10ERIEILE
Bt

TPC-C_100W (10G, Data fits in Buffer Pool)

7000
6000
L)
L MySQL HeatWave
2 5000
[=)
=
(@)
© 4000
(7]
c
©
| S
= 3000
N’
<
2
& 2000
%)
o
£ 1000
= Amazon Aurora
0
1 4 16 64 128 256 512 1024 2048 4096
Concurrency

*Benchmark queries are derived from the TPC-C benchmarks, but results are not comparable to published TPC-C benchmark results since these do not comply with the TPC-C specifications.
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IEINTEEXIEL

EERedshiftiF7{=. ttSnowflake?F10fE, LEBig QuerydF12{Z. EtSynapsedF4{E

4TB TPC-H*

30
B HeatWave

n 10 nodes

= 20

3] B Redshift
L 2* ra3.4 x large
~—

) Snowflake
(ol Medium cluster

Q

(@)

= 10 B Google BO
(Al 400 slots

B Azure Synapse
DW 1500¢

S

o
<
.20
S

x
S

MysoL ~ aWsS

HeatWave

Only compute costs are considered here
Pricing for Redshift is based on 1-year reserved instance, paid upfront. Snowflake price is based on standard edition

Price for Google BigQuery is based on monthly flat rate commitment. Azure Synapse is based on 1-year reserved pricing
*Benchmark queries are derived from the TPC-H benchmarks, but results are not comparable to published TPC-H benchmark results since these do not comply with the TPC-H specifications.
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MySQL HeatWave

MySQL HeatWave
ORACLE

Summary

D8 System Nome. D8 System State
image-B0.25-runs

~ HeatWave

Cluster Memory Utilization

st

Data Dictionary

Tosma
s
same
e

®

~ MysSQL

27%

5 intoduction 3 MysQL % Heatwiave Clusters BB Workspaces

£ Heatwave ML

Cluster Name

43

MySQL HeatWave

ORACLE

Workspaces

08 System

Selocttabls 10 unkoad o oad i HeatWare.

000 OoOooOo 9

& introduction ) MySQL 08 Systems

B Heatwave Clusters [l Workspaces [ Per

45008 Systen + estare st
Q| image-80.25-runs + heatwave-ds-test1

Query 1

st

Image-80.25-runs

ELECT
1_returatiag,
11in

2 vnow
tpch. LINELTEN
wHERE

1_shipdate <= 0ATE
¢ cour BY
1_returntlag,
1linestatus
» oRoER BY
1_returnfiag,
1linestat:

Query Results
© Oy complena 31700 seconc

Results  JSON  Joblnfon

»z z >

z
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Data Management

Evaluate Model: DEMO_CORPUS.|

Model score  Explainmodel  Predictions

Prediction . & iohos

el

HeatWave ML

education ¢ defaultl ¢ balance &

Estimate Cluster Size with MySQL Autopilot

7. RefreshEstimate  Estimate last refreshed on Mon, 18 Apr 2022 25:25:16 GMT

Schemas Schema name
HeatWave Cluster Memory Usage
%
O Name (c#)
O sampledB 0,000
O sampleDB2 0,000
B tpeds 1024 — 820,636
B tpchi024 — 1184211
O tpchaovs 0.000
Summary
2004.847 (GiB)

Memary required by the schemastables selected

T gomcteq T+ Wamings
0ot 34 8
00f9 2
250125 1
8ol 0
oof8 )

256 (GiB)

Memory provided per node

‘Tables from selected schemas

Name 14 Warnings

tpeds_1024 CALL_CENTER
tpeds_1024 CATALOG_PAGE
tpeds_1024.CATALOG_RETURNS
tpeds_1024.CATALOG_SALES
tpeds_1024 CUSTOMER
tpeds_1024 CUSTOMER_ADDR...
tpeds_1024.CUSTOMER_DEMO...
tpeds_1024 DATE_DIM
tpeds_1024 DBGEN_VERSION A
tpeds_1024 HOUSEHOLD_DEM...
tpeds_1024INCOME_BAND
tpcds_1024INVENTORY
tpeds_1024.1TEM

tpeds_1024 PROMOTION
tpeds_1024 REASON
tpeds_1024.SHIP_MODE
tpeds_1024 STORE

HeatWave Cluster nodes required

Table name
(';':)“" SaeEsimate i RowsEstimate 1
0.003 6
0.003 1471
19.578 159,947,748
304.989 1488072176
0037 311,767
0016 156,457
0.084 1911910
0.009 72,540
1

0.003 751
0.003 20
0.253 12174979
0.005 17422
0.003 303
0.003 35
0.003 20
0.003 16

2048 (GiB)

‘Memory provided by 8 node cluster




FAREEEE|OCI 32 AWS

As of October 2022 - https://www.oracle.com/mysql/#roadmap

Key capabilities Available on OCI | Available on AWS

Fully managed service

OLTP and OLAP in MySQL

Query acceleration for analytics and mixed workloads

Machine learning-powered automation (MySQL Autopilot for HeatWave and OLTP)*
Advanced security*

In-database machine learning (HeatWave ML)

000000

Scale-out data management

000000

Coming soon

Interactive query and data management console Coming soon 0
Performance and workload monitoring from the console Coming soon 0
Adding HeatWave to any MySQL shape Coming soon Q

* Auto thread pooling and auto shape predictionin MySQL Autopilot as well as the MySQL HeatWave database firewall will be available soon on OCI.
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https://www.oracle.com/mysql/#roadmap

MySQL HeatWave on Azure
1B1dAzure VNETEREE OCIHIMySQL HeatWave

s MySQL

HeatWave

https://www.oracle.com/cloud /azure/oracle-database-for-azure
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https://www.oracle.com/cloud/azure/oracle-database-for-azure

N = | Aﬁlzg
[ == =]
AHEREOLTP, =iRIRE OLAP

On-Premises
J
I |
J
O O
OLTP Query
MySQL
Replication

(5

hd

=

Primary instance
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Oracle Dedicated Region Cloud@Customer
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HeatWave

MySQL HeatWaveflffGO0racleNE =
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i BRI EANFEIR TR
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MySQL HeatWave Lakehouse (Beta)
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MySQL HeatWave Lakehouse

MySQL Database HeatWave Cluster Object Store

HeatWave Node

csv

41
LT
AR
%

Machine Learning

HeatWave Node

%y Parquet

wl o |
LT
AT
&/

Machine Learning

C — . HeatWaveNode

InnoDB
Storage Engine

Amazon

Machine Learning Aurora

L
LT
AR
Y/
! T 1T 1
@

HeatWave Node
- L
I_ _I Amazon
Join Machine Learning Redshift
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MySQL HeatWave LakehouseRJ{L#

L BEFY IR R, T LIMGERE . IR AT Ve
% A AL FR400 TBHYEHE . s MR \M—
2. MySQL Autopilot 3k T # WK SIS, AHEF I -
M A 0 11 B 1 3 o 5o B Q9
3. B P RECHR A 1 45— 5 ¥ ) . <N -
4. RFFSMySQLIER 1002 (@\ ﬂ ;/F —
5. EERTRIMOSE R MARPEIR S, LA sty 18 — [BlewE ==
IR Z e I B Hea tave S BE I ¥4 e e
6. JEI EBNEAAAI, BRI IERNTE, ROREIL2 ——
M3 0 F 2 L —— A R 25 7 T AR B I Heat W o HE E o 3
R
7. ffEfPre-Authenticae & T IFHI A, AR HIM AL
VR V7 ]
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MySQL HeatWave Lakehouse (Beta)
EXNSRIFER LA E TN EFIEIE 100 TBRIEHE

MySQL Database HeatWave Cluster Object Store
""""""""""" HeatWave
I_ —| Node
oo B
Query Pri ng Machine Learning | csv
""""""""""" HeatWave
od
/f/‘
%y Parquet

a
!
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MySQL HeatWave LakehouseBYE 14 EE
SnowflakefJ17{/Z,, Redshiftfy6(Z

400 TB TPC-H*
800
600 B HeatWave
212 nodes
400 B Redshift

20" ra3lé x large

268
v »* Snowflake
42 "'1'5 4x large chuster
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Annual provisioned cost for HeatWave $1,589,036; for Redshift $2,261,760; for Snowflake $2,242,560
Pricing for Redshift is based on 1-year reserved instance, paid upfront. Snowflake is based on standard edition

*Benchmark queries are derived from the TPC-H benchmarks, but results are not comparable to published TPC-H benchmark results since these do not comply with the TPC-H specifications.
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Annual provisioned cost for HeatWave $1,589,036; for Redshift $2,261,760; for Snowflake $2,242,560
Pricing for Redshift is based on 1-year reserved instance, paid upfront. Snowflake is based on standard edition

*Benchmark queries are derived from the TPC-H benchmarks, but results are not comparable to published TPC-H benchmark results since these do not comply with the TPC-H specifications.
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