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Rank

Nov Oct Nov DBMS Database Model Nov
2021 2021 2020 2021
1. 1. 1.  Oracle 3 Relational, Multi-model g 1272.73
2. 2. 2. Mysw Relational, Multi-model ﬁ 1211.52
3 3. 3. Microsoft SQL Server (3 Relational, Multi-model gl 954.29
4. 4. 4. PostgreSQL (3 & Relational, Multi-model (gl 597.27
5. 5. 5. MongoDB E3 Document, Multi-model g 487.35
6. 6. A 7. Redis 3 Key-value, Multi-model gl 171.50
7. 7. J6. IBM Db2 Relational, Multi-model g 167.52
8. 8. 8. Elasticsearch Search engine, Multi-model [ 159.09
Q. 9. 9. SQLite 3 Relational 129.80
10. 10. 10. Cassandra i3 Wide column 120.88

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




Score ({logarithmic scale)

Database Ranking Trends - |2 104

DB-Engines Ranking

1k

100
April 2020

® Amazon Redshift: 20.671
~ -
VWJ_/______/"_.-/_/—\’ .
10 I
Amazon Redshift
;
0.1 © July 2022, DB-Engines.com
2013 2014 2015 2016 20017 2018 2019 2020 2021 2022

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

Oracle
— MySQL

Microsoft SQL Server

PostgreSQL
— MongoDB
— Redis

Snowflake — SnOWﬂa ke

— Microsoft Azure SQL Database

Google BigQuery

117V

Google BigQuery




o EAE 2% HuHA 7|ES0AM MysQL = 2T

Social E-Commerce Tech Finance Manufacturing
facebook Booking.com O APPOYNAMICS Bankof America. _ _
A = T=ESLA
y NETFLIX GitHub JPMorgan @
twitter
UBER 7N
HubSppt citi
-com zendesk &3 Fidelity
: . \ SONY
LINE &) airbnb mut VISA
@ /=Chat ﬁffim% O New Relic. cAT

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




MySQL Database Service (MDS) on Oracle Cloud Infrastructure
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Create MySQL DB System

Standalone High Availability HeatWave
Single-instance MySQL DB System Run 3-instance MySQL DB System providing DB System that allows you to enable HeatWave
automatic failover and zero data loss for accelerated query processing, suitable for run-

v ning both OLTP and OLAP workloads
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H| 80| I ¢t MySQL H|O| E{H| O] 2 A{H| A
Annual cost for a 100 OCPUs, 1TB Storage configuration

$250,000
$215,652 $212,974

$200,000

$170,244

$150,000

$100,000

$65,833

$50,000

$0
MySQL Database Service Amazon RDS Microsoft Azure Google Cloud SQL

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.
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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

MySQL HeatWave
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OLTP 2} OLAP H|O|E{Hjjo|A E/H

OLTP - On-line Transaction Processing

o 2 9| AFE Xl X 2| - Concurrency
0 73&8 S5 AlZE:~ms

» Operational Data

« Row Format
 Scale-Up 2%, Clusters
e Index &&

« Memory Cache

OLAP - On-line Analytics Processing

. D2 GO Ha| - Y &Y £
» Historical Data, Business Intelligence
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 In-Memory H|O|E X%t
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MySQL Database Service with HeatWave
CHE&2F OOl H M2|& X|-A5t= MySQL HeatWave= OCIOf A 2t X S5H= 7|& & LICt

OLTP Applications R > MySOL

DEIELERE

Service

OLAP Applications B > MySQL

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

)
@ emmmmmemms > LE) |

InnoDB HeatWave

JAN

MySQOL.

THe GO H| O] 20 M 2=
OfZ2|AH0|d =& 7=

ETL =282 - &A|ZHH[O|&

7| O Z2|# 0| HE 30|
HM ML= SEAL
L -1 OO o O




MySQL HeatWave: Oracle Cloud InfrastructureE $|et C| X}l
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MySQL Database Service HeatWave

MySQL Compiler & Optimizer Job Scheduler

Query

. Pushd :
Query Optimization ushdown > Query Execution

MySQL Execution
T Results

In-Memory Representation
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On-Premise MySQL 1} MySQL HeatWave 815 18 7|5
On-Premise MySQL Cl|O| E{Of CHot 242 24 A|AE -_rL ts
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HeatWave Scale-Out Data Management
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HeatWave ML
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MACHINE LEARNING INSIDE
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MACHINE LEARNING INSIDE
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MACHINE LEARNING INSIDE
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MACHINE LEARNING INSIDE

U & "autoML"2 2 St X5 0| OFHL|CH
Redshift ML 5}0| 1 u}2t0|Ef

CREATE MODEL model name
FROM { table name | (select statement) }

TARGET column_name

FUNCTION function name

IAM ROLE { default | ‘arn:aws:iam::<AWS account-
id>:role/<role-name>’ }

[ MODEL TYPE { XGBOOST | MLP }]

[ PROBLEM_TYPE ( REGRESSION | BINARY_CLASSIFICATION |
MULTICLASS CLASSIFICATION )]

[ OBJECTIVE ( ‘MSE’ | ‘Accuracy’ | 'Fl1’ | ‘FlMacro’ | ‘AUC’)]
SETTINGS (

S3_BUCKET ‘bucket’, |

S3 _GARBAGE COLLECT { ON | OFF }, |

KMS KEY ID ‘kms key id’, |

MAX CELLS integer, |

MAX RUNTIME integer (, ..)




MACHINE LEARNING INSIDE

Accuracy Training Time (minutes)
Dataset Speedu
Redshift ML HeatWave ML Redshift ML He?ztmad‘;i)ML P P

Classification
Airlines 0.5 0.6524 90.00 2.71 33.21
Bank 0.8378 0.7115 90.00 3.72 24.19
CNAE-9 FAILED 0.9167 FAILED 5.91 X
HeatWave ML 2 Connect-4 0.6752 0.6970 90.00 7.13 12.62
. Fashion MNIST FAILED 0.9073 FAILED 181.85 X
REdShlft M L EH H I Nomao 0.9512 0.9602 90.00 3.30 27.27
— Numerai 0.5 0.5184 90.00 0.34 264.71
Lclf;' E’ Higgs 0.5 0.758 90.00 68.58 1.31
Census 0.7985 0.7946 90.00 1.22 73.77
H Titanic 0.9571 0.7660 90.00 0.47 191.49
CC Fraud 0.9154 0.9256 90.00 29.06 3.10
KDD Cup FAILED 0.5 FAILED 3.55 X
HHl_E GEOMETRIC MEAN 0.71 0.75 90.00 3.56 25.27
(- Regression
Black Friday 0.54 0.53 %0.00 1.14 78.80
Diamonds 0.98 0.98 90.00 2.40 37.42
Mercedes FAILED 0.61 FAILED 1.16 X
News Popularity 0.02 0.01 90.00 0.60 149.13
NYC taxi 0.19 0.25 90.00 7.34 12.26
Twitter 0.88 0.93 90.00 44.24 2.03
0.27 0.26 90.00 3.52 25.58




MACHINE LEARNING INSIDE

Training cost ($)
List 1 year plan (2 nodes)
Classification
Airlines 20.00 6.23 0.05 130.03
Bank 10.76 5.68 0.07 86.30
CNAE-9 12.97 FAILED 0.10 X
HeatWave ML % Connect-4 20.00 6.18 0.13 49.05
Fashion MNIST 20.00 FAILED 3.22 X
Redshift ML 9_| Nomao 20.00 5.96 0.06 102.14
Numerai 20.00 5.49 0.01 913.49
Higgs 20.00 7.27 1.21 5.99
o Census 9.77 6.12 0.02 283.95
o Titanic 0.26 5.60 0.01 674.32
CC Fraud 20.00 6.70 0.51 13.03
O | H | A= KDD Cup 20.00 FAILED 0.06 X
— o GEOMETRIC MEAN 10.62 6.12 0.06 97.13
Regression
Black Friday 20.00 2.95 0.02 146.10
Diamonds 7.55 5.13 0.04 120.61
Mercedes 20.00 FAILED 0.02 X
News Popularity 20.00 4.15 0.01 389.08
NYC taxi 20.00 2.82 0.13 21.76
Twitter 20.00 3.64 0.78 4.66
17.00 3.64 0.06 58.66




MACHINE LEARNING INSIDE
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MACHINE LEARNING INSIDE

HeatWave
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MACHINE LEARNING INSIDE

C 2 S2{AF 37|2| HeatWave MLS Sl O LI2 45
Redshift MLS| 7| = 2780 Lot &4-5X}0]
Speedup over Redshift ML
45.2H}
40.00 HHl’%

35.00

30.00

Speedup

25.00

20.00

15.00

10.00

1 2 4 8 16
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Real-time Elasticity
Data Compression
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MySQL HeatWave= 64 ' E7IHX| 2% 75

X =%t 50TB 7HA| 2 7Hs

LE =Y AN g5 A

Scalability

0.2

40 60

# Nodes

=o= Perfect scalability == HeatWave scalability
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Real-Time Elasticity
=CtPIe 2 SAH L E SH 7t

MANUAL RESIZING - BEFORE MARCH 2022 = E=1N
HeatWave 22 AH N+K == 31 x';ﬂoﬂ
32| 28 =X| _l %HEIT A A
v
Resize Xt 7 LE(K) 7|& N . E deactivate, Hlo| A E|O| S L|O|E{ & N+K - E S2{AH
kS G N+K 22 AE Z2H| XY N+K = E0]| x{ ZHj 71
REAL-TIME ELASTIC RESIZING
N = E HeatWave - N+K =& HeatWave
SHAHO #Hel == l l - EgAH0| 2 =Y
Resize =t FIt LE(K) F7HE = E(K)Y HIEtH|O|

*I’“ gg |0l & xH 2l &7\t



HeatWave Real-Time Elasticity

1. Available: S22 H 2|AO|Z &AH & EE HFE SEHQ0| XE| 7t

2. Flexible : {lol= A+2°| 2 3AH LE 448 7t

3. Balanced : 2|AIO|= A £ [|O|E= 2= 20| & 5otA =HK

4. Performant : 2| AFO|= & & Z|A0HO| 4|O|E| 0| . 2[AO|= EFRI2 G| O
E{ =27[0f A2tSiol A9 '783.:.F
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Real-Time Elasticity
O{ ™ HeatWave Cluster AfO|=Z & Scale Up/Down 7t&

Snowflake
e XNHE SHAH A2 S E==A

7t (Ex. 1,2, 4, 8,16, 32, 64, 128 nodes )
- =ER°0HIE Y

HEEER
B EEEE
HEEEN
HEEEN
HEEER
HEEEN
HEEEN
HEEEEN
64

-
hJ
es]

AWS Redshift

Building Block : 4, 12, 48 vcpus
. 10-15 2 M=o 2| black out Al ZH 4k
« I=3& Rebalancing &gl 22
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Previously
10 HeatWave, 5 HeatWave,
1 MDS node 1 MDS node

Data per node 410G 820G
Performance
(TPCH 4TB) 6.35 sec 11.59 sec
Annual cost $34,073 $18,585
Price performance $0.007 $0.007




MySQL HeatWave Benchmarks
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Time (Seconds)

MySQL HeatWave2 Amazon Aurora H| i
4TB TPCH Queries

8000 2.5 hours $60,000
1400x 1/2
4000 $30,000
o 6.3 sec $0
GeoMean of Query Run Time Annual Cost
Aurora (db.r5.24xlarge) B MySQL HeatWave (10 E3 nodes)

*Benchmark queries are derived from TPC-H benchmark, but results are not comparable to published TPC-H benchmark results since they do not comply with TPC-H
specification.

https://www.oracle.com/mysql/heatwave/performance/
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Time (Seconds)

Redshift AQUAR} 4= H| 1! : 13HH Price/Performance

10TB TPCH Queries
$150,000
$150,784
2000
6'8x $100,000 1 / 2
Faster the cost
1000
$50,000
0 e o
Performance (Run Time - Sec) Annual Cost
I Redshift (8 nodes of RA3.4xlarge) B MySQL HeatWave (25 E3 nodes)

*Benchmark queries are derived from the TPC-H benchmark, but results are not comparable to published TPC-H benchmark results since they do not comply with the
TPC-H specification
https://www.oracle.com/mysql/heatwave/performance/ E
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Time (Seconds)

Snowflake?} ‘4 H| 1 : 35 HYf Price/Performance

10TB TPCH Queries
$400,000 $420’480

2000 6 8

0X
faster 1 /5
$200,000 the cost
1000
$80,536
Performance (Run Time - Sec) Annual Cost
Snowflake (Xlarge Cluster) B MySQL HeatWave (25 E3 nodes)

*Benchmark queries are derived from the TPC-H benchmark, but results are not comparable to published TPC-H benchmark results since they do not comply with the
TPC-H specification
https://www.oracle.com/mysql/heatwave/performance/ E
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Comparison with Snowflake, Redshift, Synapse, Big Query
30TB TPCH Queries — HeatWave= 7t A 82t H| L =2 71 HE ds M-S

Performance

Google Big Query
108.5 sec $1,020,000 37x

Snowflake on AWS
78.2 sec $1681,020

Azure Synapse

35.4 sec $1.249.950 15X

AWS Redshift -
32.3 sec S50 16x Price Performance

MySQL HeatWave
$251,713

30 60 90 120
Geomean time (sec)

3rd party numbers derived from Gigaom report of Oct 2020

Using PAYG pricing for Snowflake. Other prices are based on 1 year pricing

*Benchmark queries are derived from TPC-H benchmark, but results are not comparable to published TPC-H benchmark results since they do not comply with TPC-H specification. E
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TPCDS #1X|0t3 A5 H| 12 - Snowflake, Redshift, Synapse, Big Query
10TB TPCDS - HeatWave = 7t& X 8ot H| &2 2 7 W& ds XS

PERFORMANCE

Azure Synapse 14.9x

$165,575 better

Google BQ 12_9x

$163,200 [y

Snowflake 14_4x
$280,320 better

AWS Redshift [V 1K :3'¢

$150784 [Ee TPCDS Benchmark:
« TPCH C{H| =&t 27|0F 714
$ 49,561 - =
 [O|O|E{ Skew
0 5 10 15 20 25

Geomean time (sec)

Zrd party numbers derived on Feb 15, 2022
Using PAYG pricing for Snowflake. Other prices are based on 1 year pricing
*Benchmark queries are derived from TPCDS benchrmark, but results are not cormparable to published TPCDS benchmark results since they do not comply with TPCDS specification.
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823t 251 Al, 2M 2| s - Aurora CiH| 428l Price/Performance
CH-benCHmark(TPCC + TPCH), 100G, 4 concurrent OLAP sessions

B AURORA W HEATWAVE

110x

higher $22,162

%
60%
cheaper

18x

faster

0.06

LATENCY THROUGHPUT ANNUAL COST
(SEC) (TRNX/MIN) (3)

*Benchmark queries are derived from CH benchmark, but results are not comparable to published CH benchmark results since they do not comply with CH specification.
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St EMTM X2| A5, Aurora CiH| it H| 8
CH-benCHmark, 100G, TPCC, 128 concurrent sessions, 30K OLTP transactions/min

B AURORA W HEATWAVE

$22,162

60%

cheaper

LATENCY THROUGHPUT ANNUAL COST
(SEC) (TRNX/MIN) (3)

*Benchmark queries are derived from CH benchmark, but results are not comparable to published CH benchmark results since they do not comply with CH specification.
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CEtA S22 B2 [, 0 d0| 70% O| & O &S A= & &= S LILCH
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o Pclass
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=X : https://www.kaggle.com/code/ash316/eda-to-prediction-dietanic/notebook
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Sex
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MySQL HeatWave =2 1178 Atd|

estuda FANCOM: GENIUS ((SONORITY

Big Query CH{H| 3304} Aurora Ci{H| 108 45 90t dS e CIE 222 E AMH[A |
ds g /85% H|E ket 34 ds 4 S 60% H|E
7 7k
=2 O =2 O

© .
red3i ?/” TETRIS-CO vrglass
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Vitor Freitas

CTO, Estuda.com
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Red3i speeds insights by 1,000X
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Amit Palshikar

Cofounder and CTO, Red3i

Business Challenge:

Red3ic 17 25 2 9J8) 0/C|0f HO|EIS +T, 241 U X2|3}0] H| =LA
Olela|HAS 2ok CIX|E OpA|E SIARILICE A% ZElol Aatef
$&LICH

£ S =0[= 0¥ A2[E|E M| EHZS AS

Results:

v 6TB2| H|0|E{ & AWS Aurora®| A MySQL
HeatWave= 0O}0| 124 0| M

vIE HF g0l &0t 2|2l 4% 1,000H] &
ket B MK RIA2ES B2 85% ds S

vHE60% & L

Products Used:
MySQL HeatWave

Read story E



https://www.oracle.com/customers/red3i/

Oracle Live Labs - Self Paced Learning
sH=_2 4 8l Step-by-Step 70| =

New MySOL Live lab links

Launch Your First MySQL Database
Service System

Explore the powerful union between MySQL
Enterprise Edition and OClI, install and manage
MDS.

D 22917 Views

Turbocharge Business Insights with
MySQL Database Service and
HeatWave

© 2hrs

Explore the Turbocharge Business Insights with
MySQL Database Service and HeatWave.

@© 4hrs
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Deploy and Configure MySQL
Database Service & HeatWave to run
Analytics workloads in Oracle Cloud

Explore how to deploy and configure MySQL
Database Service & Heatwave to run Analytics
workloads in (..)

C] 4081 Views

@®© 2 hrs

MySQL, Data Integration and Data
Science for Marine Life

Build your Data Warehouse on MySQL with
HeatWave and explore with Data Science.

@© 2hrs

OCI Move and Improve - Third Party
Applications

Explore how to move on-prem LAMP Stack
Application to OCl and make it highly available.

© 8hrs

C] 3588 Views

Deploy OCI Services from Kubernetes

Explore how to deploy the Oracle Service
Operator for Kubernetes on your OKE
Kubernetes cluster, (..)

© 2hrs

 Launch



https://apexapps.oracle.com/pls/apex/f?p=133:100:6360018267661::::SEARCH:MySQL
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oracle.com/heatwave
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