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Unprecedented Data Growth Drives Innovation

Explosion of data Micro-services changes data Rapid rate of change
and analytics requirements
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Data grows 10x every 5 Purpose-built databases Transition from IT to
years provide optimized DevOps increases
performance and cost savings rate of change
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What's a Modern Application?

aws
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App Architectures & Patterns Have Evolved
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Modern Application Requirements

Requires more performance, scale, and availability

Users TM+

Data volume Terabytes—petabytes

Locality Global

Performance Microsecond latency

Request rate Millions per second

Access Mobile, 10T, devices

Scale Virtually unlimited

Economics Pay as you go

Developer access Instance API access
Development Apps and storage are decoupled

aws
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Instead of a Monolithic Application

Build Microservices with Purpose-built tools

N © 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved. Amazon Confidential and Trademark



Developers are doing what they do best

Break complex apps into smaller pieces and pick the
best tool to solve each problem

() This ensures that the apps are well architected and
scale effectively

() Developers are now building highly distributed apps
using a multitude of purpose-built databases



Internet-scale
e-commerce

The world's largest e-commerce
business, Amazon.com, migrated
entirely to

because of:

Cost savings

Performance improvements

Administrative overhead
reductions

aws
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Databases Timeline
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A traditional Database Landscape

Payments Analytics Reporting

aws
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Relational Database Model and Concepts

aws
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Productline
ID: int
DescinText ; varchar(255)
DescInHTML : varchar(255)
Image : varchar(100)

ID:int
OfficeCode : int
reportsio > int

FirsiName : varchar(255)
Extension : varchar(255)
Email : varchar(255)
JobTitle : varchar(100)

Code : int

City : varchar(255)
Phone : varchar(255)
Address1 : varchar(255)
Address2 : varchar(255)
State : varchar(255)
Country : varchar(255)
PostaiCode : int
Territory : varchar(200)

© 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved. Amazon Confidential and Trademark.

Product
Code : int

- = = O] ProductiinelD : int

Name : varchar{255)

Scale - int

vendor : varchar(255)
PdiDescription : varchar(255)
QtyInStock : int

BuyPrice : numeric(19, 0)
MSRP : varchar{255)

ID:

Order_Product
int

O OrderiD : int
ProductCode : int

Qty

. int

PriceEach : numeric(19, 0)

Shippers

shipid : int

companyName :varchar(255)
PhoneNumber :varchar{255)

ustomer

ID :int
salesRepEmployeeNum : int
Name : varchar(255)
LastName : varchar(255)
FirstName : varchar{255)
Phone : varchar(255)
Address1 : varchar{255)
Address2 : varchar(255)
City : varchar(255)

State : varchar(255)
PostalCode : int

Country : varchar(255)
CreditLimit : numeric(19. 0)

A
CheckNum : varchar(255)
CustomerlD : int
PaymentDate : datetime
Amount : numeric(19, 0)

CustomeriD : int
OrderDate : datetime
RequiredDate : datetime
ShippedDate : datetime
Status : int

Commenis : varchar(255)
Shipid Zint

Storeid:int

StorelD ‘int
StireName : varchar(255}




Edgar Frank "Ted"” Codd and Chris Date
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Databases, more databases, how many more?

1.

2.

Hierarchical Databases
Relational Databases

NoSQL Databases (Non-relational), key-value, graph, column family, time-
series...

NewSQL Databases

*Inmemory, neural network, object oriented

© 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved. Amazon Confidential and Trademark.
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Common data models and use cases

©000000

Commo
n Data
Models

Commo

n Use
Cases
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Moving to Fully Managed Database Services




Old-guard Commercial Databases + Tricks

O (M '
O0o &
& ] © 9% =R
| |
Very Proprietary Lock-in Punitive You've
expensive licensing got mail
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Self managing databases and analytics services
Is complex, time consuming, and expensive

@ Hardware & software installation, configuration, patching, backups
@ Performance and high availability issues
@ Capacity planning and scaling clusters for compute and storage

@ Security and compliance

N 2) © 2024, Amazon Web Services, Inc. . or its affiliates. All rights reserved . Amazon Confidential and Trademark. . 18



Fully Managed Services on AWS

Automate undifferentiated heavy lifting

Self Managed

Schema design
Query construction
Schema design
Automatic fail-over
Backup & recovery
Isolation & security

You :
Industry compliance
Push-button scaling
Automated patching
Advanced monitoring

Routine maintenance

Built-in best practices
aws
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You

Fully Managed

Schema design

Query construction

Query optimization

Automatic fail-over

Backup & recovery

Isolation & security

Industry compliance

Push-button scaling

Automated patching

Advanced monitoring

Routine maintenance

Built-in best practices




Move to Fully Managed Databases

Migrate on-premises or self-managed databases to fully managed services

Amazon Amazon Amazon Amazon Amazon
Aurora RDS DocumentDB ElastiCache Keyspaces

SIS @ B

Relational :tl;-g:;ae';lonal

databases —

co® .mongoDB /Mf Cassandra
& redis

aws JI\AOHODB
N 2) © 2024, Amazon . Al
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A one size fits all database doesn’t fit anyone

Werner Vogels @
v

A one size fits all database doesn't fit anyone
- #allthingsdistributed #aws

A one size fits all database doesn't fit anyone

The days of the one-size-fits-all monolithic database are behind us, and developers
are using a multitude of purpose-built databases.

aws
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Airbnb uses different databases based on the purpose

User search history Amazon DynamoDB
» Massive data volume
» Need quick lookups for personalized search

Session state: Amazon ElastiCache

® I I * In-memory store for submillisecond site rendering

Relational data: Amazon RDS
 Referential integrity
 Primary transactional database

aws
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Why consider purpose-built databases

Performance Availability

N 2) © 2024, Amazon Web Services, Inc. . or its affiliates. All rights reserved . Amazon Confidential and Trademark. . 23



AWS Purpose-built databases: the right tool
for the job



Purpose-built Databases
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Amazon Relational
Database Service (RDS)

N © 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved. Amazon Confidential and Trademark.



Amazon Relational Database Service (Amazon RDS)

Set up, operate and scale a relational database in the cloud with just a few clicks

R4 14+ years of operational expertise, security
= best practices, and innovation

f/@ Remove inefficient administrative tasks
@/ with managed databases

High availability and durability with

®9 Amazon RDS Multi-AZ

Build and scale with the database of your choice

aws
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Amazon RDS scores highest ever rating in Gartner Solution
Scorecard for dbPaaS

R 4x
2x Gartner, Solution Scorecard for Amazon Relational
Database Service, Lyn Robison, 24 March 2022
1x = Gartner does not endorse any vendor, product or service depicted in its research

publications and does not advise technology users to select only those vendors with the
. highest ratings or other designation. Gartner research publications consist of the opinions of
Solution Gartner’s Research & Advisory organization and should not be construed as statements of
Score 70 94 100 fact. Gartner disclaims all warranties, expressed or implied, with respect to this research,
9 5 % % % including any warranties of merchantability or fitness for a particular purpose.

= This graphic was published by Gartner, Inc. as part of a larger research document and should
be evaluated in the context of the entire document. The Gartner document is available
upon request from AWS.

= GARTNER is a registered trademark and service mark of Gartner, Inc. and/or its affiliates in
the U.S. and internationally and is used herein with permission. All rights reserved.

aws
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Deployment options with Amazon RDS

Get started with your choice of 7 popular relational databases across 4 deployment options

-

i s | Q B & @ Owmov  RedOniyidbetibenyud @ 972875850563 v

Choose your deployment option:

Unlock better

performance, Amazon Aurora s Amazon RDS
MySQL-Compatible, MySQL, PostgreSQL, MariaDB,
avallablllty PostgreSQL-Compatible KN Oracle, SQL Server

’

scalability, and

Amazon RDS on AWS

Outposts
MySQL, PostgreSQL, SQL Server

security Amazon RDS Custom

Oracle, SQL Server

aws
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Amazon Aurora

aws
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Amazon Aurora
MySQL and PostgreSQL-compatible relational database built for the cloud

Performance and availability of commercial-grade databases at 1/10th the cost

=

to 15 read replicas

Qs

to Amazon S3

:'z

J U
I"#$%#&' ()" 23'/-'./-/01 5/67-1+ 84--1+
'(*+,)-"./-101 '(*+*4# /-/01 a4 &'('6"
5x throughput of Fault-tolerant, self - Network Managed by RDS: no
standard healing isolation, server provisioning,
MySQL and 3x of storage; six copies of encryption at software patching,
standard data across three rest and in setup,
PostgreSQL; scale out Availability Zones; transit configuration, or
up continuous backup backups

T

aws
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Scale-out, Distributed, Multi-tenant Architecture
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Everything you get from Amazon RDS...

App optimization

App optimization App optimization
Scaling

High availability

Scaling
High availability

Database backups Database backups

DB software patches DB software patches

AWS
Managed

You

Manage DB software installs

OS patches

DB software installs
OS patches
OS installation
Server maintenance

Rack and stack
Power, HVAC, net

Database on-premises Database on EC2 Amazon RDS
aws et i o e aflioes AL . ot
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...and more

il

Up to 128TB of storage — auto-incremented in 10GB units

Automatic storage scaling up to 128 TB—no performance impact
Continuous, incremental backups to Amazon S3
Instantly create user snapshots—no performance impact

Automatic restriping, mirror repair, hot spot management, encryption

N = © 2024, Amazon Web Services, Inc. . or its affiliates. All rights reserved . Amazon Confi idential and Trademark. . 34



Database Backtrack

Invisible
¥ L

|

— -l

] 0

to |

I .
Rewind to t;
to t t3

Backtrack brings the database to a point in time without requiring restore from
backups

«  Backtracking from an unintentional DML or DDL operation

«  Backtrack is not destructive. You can backtrack multiple times to find the right point in

t L]
© 2024, Amaz

aws
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Zero Downtime Patching

Storage Service

RN 3
N —
v . —
o)
g 20 —
User sessions terminate
during patching
Storage Service
- —
2 2@ O —>
: |

User sessions remain
aws active through patching

All rights Amazon Confidential and Trademark. 36




Fast Database Cloning

Clone database without copying data

Creation of a clone is nearly
instantaneous

Data copy happens only on write —
when original and cloned volume data
differ

Example use cases

aws
~—

Clone a production DB to run tests
Reorganize a database

Save a point in time snapshot for
analysis without impacting production
system.

© 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved. Amazon Confidential and Trademark.
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Global Database

Faster disaster recovery and enhanced data locality

Promote read -replica to primary
for faster recovery in the event

of disaster
==

R

Bring data close to your
customerQOs applications in
different regions

Promote to primary for easy
migration

£l

e

£l



Global Database - Physical Replication

Region 1: Primary Aurora Cluster Region 2: Read Replica
AZ 2 AZ 1

Aurora
Replica
(optional)

Consistently fast, low -lag, high-performance replication for global relational databases
Global-scale replication in seconds or less

Dedicated replication infrastructure ensures unconstrained performance

Local reads, faster recovery, tighter DR objectives, and seamless cross-region migration

TYPE OF WRITE

——> REDO LOG
a\vvg) © 2024, Amazon Web Services, Inc. or FERERaaeess 5 d. Amazon Confidential and Trademark. FRM FILES 39



Aurora Serverless

On-demand, auto -scaling database for applications with variable
workloads

Application

Starts up on demand, shuts down when not in use

Automatically scales with no instances to manage

I"HSHYODE, (H)HYOH* &'+ #'-).

1,2)8'3'4&105. .
[+01,2)&'3'4&105.6 Pay per second for the database capacity you use

aws
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Amazon DynamoDB

aws
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Gy

"#$YHE&'()"*
|+*’)|_||

Consistent, single-digit-
millisecond response times
at any scale; build
applications with virtually
unlimited throughput

aws

N 2) © 2024, Amazon Web Services, Inc. or its affiliates. All rights reserve

DynamoDB

Fast and flexible key-value database service for any scale

3

."#/"#—"’ ’*l#)01+ll)+2#ll

No hardware provisioning,
software patching, or
upgrades; scales up or down
automatically; continuously
backs up your data

d. Amazon Confidential and Trademark.

2
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Encrypts all data by
default and fully integrates
with AWS Identity and
Access Management for
robust security

&

3-%4'-*#"5-1)'+1%(

Build global applications
with fast access to local
data by easily replicating
tables across multiple
AWS Regions

42



Highly Available and Durable

Built for high durability

WRITES
3-way replication

persisted to disk
(Custom SSD)

aws
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Data is always replicated to
three Availability Zones

fidential and Trademark.

Designed to support
99.99%
of availability

READS

Strongly or eventually
consistent
No latency trade -off

43



Highly Available and Durable

| "HEY& )+, S+ ./

Orderld: 1
Customerld: 1 Data is always replicated to
three Availability Zones

ASIN: [BOOX4WHP5E]

Hash(1) = 7B
Availability Zone A Availability Zone B Availability Zone C
< < ! ) < ! ) <
Host 1 Host 2 Host 3 ; Host 4 Host 5 Host 6 ; Host 7 Host 8 Host 9

6.0)*/%$7$8Y%6$(8H#9-%

aws

N 2) © 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved. Amazon Confidential and Trademark. 44



Global Tables

The first fully-managed, multi-master, multi-region database

Global Table

© 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved. Amazon Confidential and Trademark.

Build high performance, globally distributed applications

Low latency reads & writes to locally available tables

Disaster proof with multi -region redundancy

Easy to setup and no application re -writes required

45



DynamoDB Accelerator (DAX)

High performance

(1087087 our appicaons HHSR )+, Yo ) #$%
I #0#*%1'1-*9%234%5$('&356
! 71%(%2'89*4
s,!,; DAY &.1438*13(+%#'9*(1$
—
1'#*8%93%&.##.3(8%32%
I A*<"*898Y%=*40%8*13(+
DynamoDB >?7@%13&="'9.0#*
a\w,% © 2024, Amazon Web Serv ices, Inc. o its affiliates. All rights reserved . Amazon Conf idential and Trademark : 46



NoSQL vs. SQL for a New App

Want simplest possible DB Need joins, transactions, frequent

management? table scans?

Want app to manage DB integrity? Want DB engine to manage DB
integrity?

Team has SQL skills?

> K _ 7/
K N
Amazon

Amazon
DynamoDB

aWs . . _ 47
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Amazon DocumentDB

aws
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Amazon DocumentDB
Fast, scalable, highly available MongoDB-compatible database service

S § e
73 == i

Millions of requests per second, Same code, drivers, and tools Simple and
millisecond latency you use with MongoDB fully managed

o / EB | A\ |sé

A \ P/ ®\ilh
Secure and 2x throughput of Deeply integrated
compliant managed MongoDB services with AWS services

aws
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Internet-scale apps need low latency and high
concurrency

Users 1M+

Data volume TB-PB-EB
Locality Global
Performance Milliseconds

to microseconds
W

' Request Rate Millions
— ;] “ = Access Mobile, IoT,

7 Devices
Gaming Financial Social Ride
leaderboards trading media hailing Scale Up-Out-In
Q;Q @ i Economics Pay as you go
Dating Media Session Developer access Instant APl access

streaming stores

aws
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Developers use various approaches to reduce

latency
B < (2
In-memory databases Specialized hardware Data reduction
and data grids such as multi-core approaches such as
processors, GPUS, sampling, aggregation

accelerators

N 2) © 2024, Amazon Web Services, Inc. . or its affiliates. All rights reserved . Amazon Confidential and Trademark. . 51



Amazon ElastiCache

aws
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Amazon ElastiCache

Managed Redis or Memcached-compatible in-memory caching
service

Us Is the new ms

. __ .
7 S e .

B(-181+'9%)" <06, 1 +'(+401;0°5" 45648 2-T(9
Read scaling with replicas. Write and In-memory data store and cache for AWS manages all hardware
memory scaling with sharding. submillisecond response times and software setup,
Nondisruptive scaling. configuration, and monitoring

aws
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Amazon Memory DB

aws
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Amazon MemoryDB for Redis

©

Redis-compatible, durable, in-memory database service

)*'%+-+.'/0"%-1%2+3#"

Microsecond read and single-digit
millisecond write latencies with
millions of transactions per second

" HEY6&(

Amazon VPC, encryption at rest and in
transit, access control list (ACL)

aws
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Flexible and friendly data structures and
APIs

8%**(/2+3+5"9

AWS-managed hardware and software
setup, configuration, monitoring, and
snapshots

, Inc. or its affiliates. All rights reserved. Amazon Confidential and Trademark.
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Multi-AZ transactional for durability and

high availability

&

4856/ H+*+78&*&'(

More than 100 TB of storage per cluster
(with 1 replica per shard)

55



Amazon Neptune

aws
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Highly Connected Data

I Social networking

| Recommendations
| Knowledge graphs
I Fraud detection

| Life sciences

I Network and IT operations




Amazon Neptune A
Fast, reliable graph database built for the cloud

>5II( :|’+ :ll_1I4_ll 6l,7
—~
| N
Supports Apache TinkerPop Query billions of Six replicas of data across Build powerful queries
and W3C RDF graph relationships with three Availability Zones easily with Gremlin and
models millisecond latency with full backup and restore SPARQL

aws
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Amazon Timestream

aws
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Building with time-series data is challenging

Relational databases Existing time -series databases
A
Unnatural for Inefficient Rigid schema Difficult to Difficult to Limited data
time-series time-series data inflexible for fast scale maintain high lifecycle
data processing moving time-series availability management
data

aws
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Amazon Timestream o4
Fast, scalable, fully managed time-series database

1,000x faster and 1/10 t

115 GLEL 01 = Vo) dgilllllzlz/seg{s Tlmel-sgnes Serverless
databases y analytics
Collect data at the rate of Adaptive query processing Built-in functions for Automated setup,
millions of inserts per engine maintains steady, interpolation, smoothing, configuration, server
second (10M/second) predictable performance and approximation provisioning, software patching

aws
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Amazon QLDB

aws
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Amazon Quantum Ledger Database
Fully managed ledger database

Track and verify the history of all changes made to your applicationOs data

Immutable and Cryptographicall :
yptograp y Highly scalable Easy to use
transparent verifiable
Append-only, immutable All changes are Executes 2-3X as many Flexible document model,
journal tracks history of all cryptographically transactions as ledgers in query with familiar
changes that cannot be chained and verifiable common blockchain SQL-like interface
deleted or modified; get frameworks

full visibility into entire
data lineage

aws
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Common customer use cases
B = B

‘©90—00-©

Transport & Logistics
Tracking transportation
of goods

E-Commerce

Banking & Finance
WhereOs my stuff?

Keeping track of transactions,
trades and accounts

AR B T =

HR & Payroll Manufacturing Government
Tracking changes to an Recording components used Tracking vehicle
in manufacturing title history

individualOs profile

, Inc. or its affiliates. All rights reserved. Amazon Confidential and Trademark.
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Amazon Keyspaces

aws
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Apache Cassandra

Open-source, wide-column data store

Designed for large-scale applications that need fast
read and write performance

SQL-like, Cassandra Query Language (CQL) API
Common use cases:

A User profiles

A Device metadata

A Event logging

el

cassandra




Challenges of Managing Cassandra

Specialized expertise required to deploy, configure, and manage software
Complexity of scaling down clusters to optimize resources
Difficult version upgrades because of clunky rollback features

Restoring data is error prone
A No built -in encryption support to protect data

A Patching, updating, and maintaining cluster infrastructure

aws
>
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Amazon Keyspaces (for Apache Cassandra)

Scalable, highly available, and managed Apache Cassandra!

Apache Cassandrab
compatible

=

compatible database service

cassandra

Use the same Cassandra
drivers and tools

aws
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Single -digit -
millisecond _ _
No servers to performance at Highly available and
manhage scale secure
No need to provision, Scale tables up and down 99.99% availability SLA
configure, and operate automatically within an AWS Region
large Cassandra clusters
Virtually unlimited throughput Data encrypted at rest;
and storage integrated with IAM
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AWS Database Services
Purpose-built databases, the right tool for the right job
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Relational Non-relational

@ DynamoDB @ ElastiCache Egg Neptune

E@] DocumentDB @g Timestream QLDB

ORACLE % MemoryDB EC* Keyspaces
SOL Server

WS Database Migration Service
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AWS offers flexible ways to help you migrate

Self Managed AW§ Professional Database Freedom
Services & Partners Program

DMS | SCT

Microsoft’
ORACLE SQLServer

N 2) © 2024, Amazon Web Services, Inc. . or its affiliates. All rights reserved . Amazon Confidential and Trademark. . 70



dWS

\./‘7

Thank you!

© 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved. Amazon Confidential and Trademark.




