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Billing Models: Plan-based e.g. MongoHQ

Parameters: Allocated Plan (e.g.
2 instances + X GB storage)

Account

End of
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Free Tier: free plan or free initial
account credit
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Used extensively
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Service Level Agreements

SLA — Service Level Objectives:
e Availability

Technical Part * Durability

1. SLO * Consistency/Staleness
2. SLO * Query Response Time
3. SLO
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1. Fees
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Resource Provisionig
Goal: Resources & SLAS
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Time

m T. Lorido-Botran, J. Miguel-Alonso et al.: “Auto-scaling Techniques for
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Resource Provisionig
Goal: Reso SmartSLA

7T\
R Resource Learn d Database -
esources allocation Mapping performance
Solution: machine learning (regression + boosting)

for prediction = choose allocation that minimizes
SLA penalties

P. Xiong: “Intelligent management of virtualized resources for database
systems in cloud environment”, ICDE 2011

SLAs met
Excess Capacities

—
Time

m T. Lorido-Botran, J. Miguel-Alonso et al.: “Auto-scaling Techniques for
Elastic Applications in Cloud Environments”. Technical Report, 2013



DBaaS: General Considerations

Functional
Requirements

Scan-Querys

Transactions

Conditional Updates

Joins

Query by Example

Analytics

Non-Functional
Requirements

Scalability of Data Volume
Write Scalability
Read Scalability

Elasticity
Read-Availability
Consistency
Write-Availability
Durability
Read-Latency
Write-Throughput
Write-Latency




DBaaS: General Considerations

Functional Non-Functional
Requirements Requirements
4 7\ 4
Scan-Querys Scalability of Data Volume
Write Scalability
Transactions Read Scalability
Elasticity
Conditional Updates Read-Availability
Consistency
Joins Write-Availability
Durability
Query by Example Read-Latency
Write-Throughput
Analytics Write-Latency
- J g

. mongoDB



DBaaS: General Considerations

Functional
Requirements

Scan-Querys

Transactions

Conditional Updates

Joins

Query by Example

Analytics

N\

Non-Functional
Requirements

Scalability of Data Volume

|

Write Scalability

Read Scalability

Elasticity
Read-Availability

Consistency

Write-Availability

Durability

Read-Latency

Write-Throughput

Write-Latency

‘ mongoDB




DBaaS: General Considerations

Functional
Requirements

Scan-Querys

Transactions

Conditional Updates

Joins

Query by Example

Analytics

N\

Non-Functional
Requirements

Scalability of Data Volume

|

Write Scalability

Read Scalability

. mongoDB

Elasticity

Read-Availability

Consistency

Write-Availability

Durability

Read-Latency

Write-Throughput

Write-Latency




DBaaS: General Considerations

Functional
Requirements

Scan-Querys

Transactions

Non-Functional
Requirements

Scalability of Data Volume

|

Write Scalability

Read Scalability

Conditional Updates

Joins

Elasticity

Read-Availability

Consistency

Write-Availability

Durabilitv

Questions to ask:

*  Which requirements are met by the DB?
* Which are met by the provider? = SLAs

I




Outline

What are Cloud Examples of different cloud

database systems:
o ?
Databases: e Cloud-deployed

e Managed DBMS

| Cloud Databases in . sqL
~—— the wild ¢ NoSQL
* Proprietary

) * BaaS
Research Perspectives

Wrap-up and
literature

0O B
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ldea: Run (mostly) unmodified DB on laaS

o Method I: DIY
@ Method II: Deployment Tools

0 Method IlI: Marketplaces
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@ Method II: Deployment Tools
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Cloud-Deployed DB

ldea: Run (mostly) unmodified DB on laaS

o Method I;: DIY

1. Provision VM(s) 4= ) _|Install DBMS (manual, script,
Chef, Puppet)

@ Method II: Deployment Tools
0 Method IlI: Marketplaces




Cloud-Deployed DB

ldea: Run (mostly) unmodified DB on laaS

o Method I;: DIY

1. Provision VM(s) 4= ) _|Install DBMS (manual, script,
Chef, Puppet)

@ Method II: Deployment Tools
> whirr launch-cluster --config

hbase.properties

\‘ ‘ Login, cluster-size etc. Amazon EC2

0 Method IlI: Marketplaces



Cloud-Deployed DB

ldea: Run (mostly) unmodified DB on laaS

Method I;: DIY

1. Provision VM(s) 4= ) _|Install DBMS (manual, script,
Chef, Puppet)

Method II: Deployment Tools

o . L { % o
> whirr launch-cluster --config °

hbase.properties H-BASE

\‘ ‘ Login, cluster-size etc. Amazon EC2

Method IlI: Marketplaces



AWS Marketplace

ldea: Run preconfigured DB on laaS

ii Services v

Amazon Web Services

Compute & Networking
f. Direct Connect

Dedicated Network Connection to
AWS

,‘. EC2
Virtual Servers in the Cloud
. Route 53

| Scalable Domain Name System

s VPC

¥ |solated Cloud Resources

@ WorkSpaces

Desktops in the Cloud

Storage & Content Delivery

e CloudFront
"® Global Content Delivery Network

Glacier
Archive Storage in the Cloud

S3

Scalable Storage in the Cloud
T Storage Gateway

Database
. DynamoDB

Predictable and Scalable NoSQL
Data Store

ElastiCache
% |n-Memory Cache

RDS

Managed Relational Database
Service

Redshift

Managed Petabyte-Scale Data
Warehouse Service

Deployment & Management

CloudFormation
Templated AWS Resource Creation

CloudTrail
User Activity and Change Tracking

CloudWatch

Resource and Application
Monitoring

I= Elastic Beanstalk

Analytics
<& Data Pipeline

v Orchestration for Data-Driven
Workflows

o Elastic MapReduce
m Managed Hadoop Framework

ah. Kinesis
=~ Realtime Processing of Streaming
Big Data

App Services

- AppStream
Low Latency Application Streaming

¢| CloudSearch

Managed Search Service

«tn. Elastic Transcoder
Wy Easy-to-use Scalable Media
Transcoding

@ SES

Email Sending Service

lll SNS

Push Noftification Service

\oJ AWS
**  Marketplace

AWS

Marketplace
Model:

Cloud-Deployed
Pricing:
Instance +

Volume +
License

Underlying DB:

Choosable
API:

DB-specific




AWS Marketplace

ldea: Run preconfigured DB on laaS

ii Services v

Amazon Web Services

Compute & Networking
f. Direct Connect

Dedlcated Network Connection to

ers in the Cloud

Scalable Domain Name System

s VPC

¥ |solated Cloud Resources

@ WorkSpaces
Desktops in the Cloud

Storage & Content Delivery

e CloudFront
"® Global Content Delivery Network

Glacier
Archive Storage in the Cloud

S3

Scalable Storage in the Cloud
T Storage Gateway

Database

. DynamoDB
Predictable and Scalable NoSQL
Data Store

ElastiCache

% |n-Memory Cache

RDS

Managed Relational Database
Service

Redshift

Managed Petabyte-Scale Data
Warehouse Service

Deployment & Management

CloudFormation
Templated AWS Resource Creation

CloudTrail
User Activity and Change Tracking

CloudWatch

Resource and Application
Monitoring

I= Elastic Beanstalk

Analytics
<& Data Pipeline

v Orchestration for Data-Driven
Workflows

o Elastic MapReduce
m Managed Hadoop Framework

ah. Kinesis
=~ Realtime Processing of Streaming
Big Data

App Services

- AppStream
Low Latency Application Streaming

¢| CloudSearch

Managed Search Service

«tn. Elastic Transcoder
Wy Easy-to-use Scalable Media
Transcoding

@ SES

Email Sending Service

lll SNS

Push Noftification Service

\oJ AWS
**  Marketplace

AWS

Marketplace
Model:

Cloud-Deployed
Pricing:
Instance +

Volume +
License

Underlying DB:

Choosable
API:

DB-specific




AWS Marketplace

ldea: Run preconfigured DB on laaS

ﬁ Services ~

EC2 Dashboard

Tags
Reports

=] INSTANCES
Instances
Spot Requests
Reserved Instances

=] IMAGES
AMIs
Bundle Tasks

=| ELASTIC BLOCK STORE
Volumes

Snapshots

=| NETWORK & SECURITY
Security Groups
Elastic IPs
Placement Groups
Load Balancers
Key Pairs
Network Interfaces

Resources

You are using the following Amazon EC2 resources in the EU West (Ireland) region:

0 Running Instances 0 Elastic IPs
9 Volumes 4 Snapshots
2 Key Pairs 0 Load Balancers

1 Placement Group 5 Security Groups

@) Focus on application development and offload database management to AWS - Try Arr

Create Instance

To start using Amazon EC2 you will want to launch a virtual server, known as an Amazon ECZ

Launch Instance

Note: Your instances will launch in the EU West (Ireland) region

™ Scheduled Events

EU West (Ireland):

@ EU West (Ireland): No events
This service is operating normally

Service Health

Service Status:

Availability Zone Status:

\oJ AWS
**  Marketplace

AWS

Marketplace

Model:
Cloud-Deployed
Pricing:

Instance +
Volume +

License

Underlying DB:

Choosable
API:

DB-specific




AWS Marketplace

ldea: Run preconfigured DB on laaS

ﬁ Services ~

EC2 Dashboard

Tags
Reports

=] INSTANCES
Instances
Spot Requests
Reserved Instances

=] IMAGES
AMIs
Bundle Tasks

=| ELASTIC BLOCK STORE
Volumes

Snapshots

=| NETWORK & SECURITY
Security Groups
Elastic IPs
Placement Groups
Load Balancers
Key Pairs
Network Interfaces

Resources

You are using the following Amazon EC2 resources in the EU West (Ireland) region:

0 Running Instances 0 Elastic IPs
9 Volumes 4 Snapshots
2 Key Pairs 0 Load Balancers

1 Placement Group 5 Security Groups

@) Focus on application development and offload database management to AWS - Try Arr

Create Instance

C2 you will want to launch a virtual server, known as an Amazon ECZ

Launch Instance

ch in the EU West (Ireland) region

™ Scheduled Events

EU West (Ireland):

No events

Service Health

Service Status:

) EU West (Ireland):
This service is operating normally

Availability Zone Status:

\oJ AWS
**  Marketplace

AWS

Marketplace

Model:
Cloud-Deployed
Pricing:

Instance +
Volume +

License

Underlying DB:

Choosable
API:

DB-specific




AWS Marketplace

ldea: Run preconfigured DB on laaS

i‘i Services ~

1. Choose AMI

Step 1: Choose an Amazon Machine Image (AMI)

2. Choose Instance Type

3. Configure Instance

4. Add Storage 5. Tag Instance

Cancel and Exit

An AMI is a template that contains the software configuration (operating system, application server, and
applications) required to launch your instance. You can select an AMI provided by AWS, our user community,
the AWS Marketplace; or you can select one of your own AMIs.

Quick Start
My AMIs
AWS Marketplace

Community AMIs

¥ Categories

All Categories

Software Infrastructure (14)

¥ Operating System

Clear Filter

1 MongoDB|

‘ mongoDB

X
1 to 14 of 14 Products

MongoDB 2.4 with 4000
IOPS

(1)] 2.4.9 Previous
versions | Sold by

IMongoDB
$0.00/hr for software + AWS usage
fees
Linux/Unix, Amazon Linux 5.5 | 64-bit
Amazon Machine Image (AMI) |
Updated: 1/20/14

MonaoDB for AWS Marketplace

\oJ AWS
**  Marketplace

AWS

Marketplace
Model:

Cloud-Deployed
Pricing:
Instance +

Volume +
License

Underlying DB:

Choosable
API:

DB-specific




AWS Marketplace

ldea: Run preconfigured DB on laaS

i‘i Services ~

1. Choose AMI 2. Choose Instance Type

3. Configure Instance 4. Add Storage 5. Tag Instance

Step 1: Choose an Amazon Machine Image (AMI)  cancel and Exit

An AMI is a template that contains the software configuration (operating system, application server, and
applications) required to launch your instance. You can select an AMI provided by AWS, our user community,
the AWS Marketplace; or you can select one of your own AMIs.

Quick Start
My AMIs
AWS Marketplace

Community AMIs

¥ Categories

All Categories

Software Infrastructure (14)

¥ Operating System

Clear Filter

1 MongoDB|

‘ mongoDB

X
1 to 14 of 14 Products

MongoDB 2.4 with 4000
IOPS

(1)] 2.4.9 Previous
versions | Sold by

IMongoDB
$0.00/hr for software + AWS usage
fees
Linux/Unix, Amazon Linux 5.5 | 64-bit
Amazon Machine Image (AMI) |
Updated: 1/20/14

MonaoDB for AWS Marketplace

\oJ AWS
**  Marketplace

AWS

Marketplace
Model:

Cloud-Deployed
Pricing:
Instance +

Volume +
License

Underlying DB:

Choosable
API:

DB-specific




AWS Marketplace

ldea: Run preconfigured DB on laaS

ﬁ Services ~ Feli

1. Choose AMI 2. Choose Instance Type 3. Configure Instance 4. Add Storage 5. Tag Instance

Step 2: Choose an Instance Type

NULE: 111E VENUUI TECUMINIENUS USINY d M 1.1aIge S1diGe (U1 [digel) 101 U1g DESL EXPEIIENGE WIL UlIS PIOUUGL.
amiy - Type - SOV ucpus (i) Memon . Instanee Storage,

@ Miero Instances timicro | upto2 1 0613 EBS only

@ General purpose m3.medium 3 1 3575 1 x4 (SSD)

@ General purpose m3.large 6.5 2 7.5 1 x 32 (SSD)
General purpose m3.xlarge 13 < 15 2 x40 (8SD)
General purpose m3.2xlarge 26 8 30 2 x 80 (SSD)

Q General purpose m1.small 1 1 1.7 1x160

@ General purpose m1.medium 2 1 3.7 1x410

3

Cancel Previous Review and Launch Next: Configure Instance Details

\oJ AWS
**  Marketplace

AWS

Marketplace
Model:

Cloud-Deployed
Pricing:
Instance +

Volume +
License

Underlying DB:
Choosable
API:

DB-specific




\of AWS
Marketplace

AWS Marketplace AWS
Marketplace
. Model:
Idea: Run preconfigured DB on laaS Cloud-Deployed
— Pricing:
[ T | Services ~ Feli
Instance +
1. Choose AMI 2. Choose Instance Type 3. Configure Instance 4. Add Storage 5. Tag Instance Volu me +
Step 2: Choose an Instance Type License
NOULE. 111 VEINUUI TECUNTIIMENUS UsIly 4 midarge instdice (Ul idiger) 101 Uie DESsSL EXPENIENUE WILN Ulis pruduct. | Underlying DB:
Family - Type EC?S * VvCPUs (i)~ N:ZTBO)W v Insta(a(r;:; Stiorage g Choosable
@ | “orolnstances tl.micro | upto2 1 0.613 EBS onl APE
| p | ' DB-specific

e —_ ' -~ = -~ a -~ —r— a 4 s

Bad:

e No Clusters
* Not managed (automatic Updates, Snapshots, etc.)
* Private OS Multi-Tenancy = Bad Resource Usage

Good:

Easy to get started




L fmeon st
Amazon Elastic MapReduce EMR

Model:
Analytics-aa$S
Pricing:
Infrastructure
API:

Hadoop

Amazon Web Services
Cloud

Core
Instance Group

Master

Elastic MapReduce
Service

<
T

Elastic MapReduce

Instance Grou
Customer P

s s

Amazon S3
Storage Service

Customer's
Hadoop Cluster

m W. Lehner, U. Sattler “Web-scale Data Management for the Cloud”
Springer, 2013




Amazon Elastic MapReduce

Amazon Web Services
Cloud

Core
Instance Group

Master
Elastic MapReduce
Service

<
T

Elastic MapReduce

Provisions
Customer

Instance Group

s s

Customer's
Hadoop Cluster

Amazon S3
Storage Service

‘ Amazon Elastic
MapReduce

Model:
Analytics-aa$S
Pricing:
Infrastructure
API:

Hadoop

Springer, 2013

m W. Lehner, U. Sattler “Web-scale Data Management for the Cloud”




Amazon Elastic MapReduce

‘ Amazon Elastic
MapReduce

Model:
Analytics-aa$S

Pricing:
Task Tracker + Infrastructure
HDFS Data Node AP
JobTracker _—— Hadoop
Amazon We . Core
Cloud

Instance Group

Master
Elastic MapReduce
Service

P
1 o~

Elastic MapReduce
Customer

Provisions

Customer's

Amazon S3 Hadoop Cluster

Storage Service

Task Tracker

m W. Lehner, U. Sattler “Web-scale Data Management for the Cloud”
Springer, 2013



Amazon Elastic MapReduce

Task Tracker +
HDFS Data Node

JobTracker _——
Amazon We i

Cloud

Core

Master
Elastic MapReduce
Service

5

Elastic MapReduce
Customer

Data Source
and Sink

Provisions

Instance Group

Task Tracker

Customer's

Amazon S3 Hadoop Cluster

Storage Service

Instance Group

‘ Amazon Elastic
MapReduce

Model:
Analytics-aa$S
Pricing:
Infrastructure
API:

Hadoop

m W. Lehner, U. Sattler “Web-scale Data Management for the Cloud”

Springer, 2013
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Amazon Elastic
&< MapReduce

Amazon Elastic MapReduce EMR

Submits Had Job roder
ubmits Ha OO0p JODS as: Analytics-aaS

* JAR E——

e Streamin e

. Cascading Task Tracker + Infrastructure

. Pig HDFS Data Node API:

e Hive JobTracker _——— Hadoop

Amazon We . Core
* Im pala Cloud Instance Group

Master
Elastic MapReduce
Service

Elastic MapReduce
Customer

Provisions

Customer's

Amazon S3 Hadoop Cluster

Storage Service

Data Source Task Tracker

and Sink

m W. Lehner, U. Sattler “Web-scale Data Management for the Cloud”
Springer, 2013
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Amazon Elastic
&< MapReduce

Amazon Elastic MapReduce EMR

Submits Had Job Model:
ubmits Radoop Jobs as: Analytics-aaS
« JAR o

. ricing:
* Streaming
« (Cascading Task Tracker + Infrastructure
. g HDFS Data Node API-
* Hive JobTracker _——— Hadoop

Amazon We . Core
° Impala Cloud Instance Group
Master
Elastic MapReduce
O Service

* No data locality with S3
* AWS Import/Export: send your HDD

HBase Integration
Compatible with Spot and Reserved Instances
Similar: Azure HDInsight



e
Google BigQuery

Model:
Analytics-aa$S

|dea: Web-scale analysis of nested data

Suche Bilder Maps Play YouTube News Gmail Drive Mehr - Felix Gessert - -I:I-

Pricing:

Storage + GBs
GOUS[Q bigquery Processed

API:
COMPOSE QUERY New Query REST
Query History 1 SELECT TOP(title, 5), COUNT (*)
Job History 2 FROM [publicdata:samples.wikipedia]

3 WHERE title CONTAINS "data";

API Project -

No datasets found in this project.

Please create a dataset or select a new RUN QUERY Save Query Save View Enable Options
project from the menu above.
Query complete (2.4s elapsed, 6.79 GB processed) o

» publicdata:samples
QUEIY Results &1 1pm. 25 Apr 2014 Download as CSV  Save as Table

Row f0 fi_

1 Comparison of relational database management systems 1320

2  Computer data storage 1319
3 Metadata 1097
4  Array data structure 852
2  Relational database 795



Google BigQuery

|dea: Web-scale analysis of nested data

Suche Bilder Maps Play YouTube News Gmail Drive Mehr - Felix Gessert - -I:I-

Google bigquery

New Query

SELECT TCP(title, 5), COUNT(*)
2 FRCOM [publicdata:samples.wikipedial]

AP WHERE title CONTAINS "data";

4 RUN QUERY Save Query Save View Enable Options

Query complete (2.4s elapsed, 6.79 GB processed)

1 Comparison of relational database management systems 1320

2  Computer data storage 1319
3 Metadata 1097
4  Array data structure 852
2  Relational database 795

Google
BigQuery

Model:
Analytics-aa$S
Pricing:

Storage + GBs
Processed

API:
REST




Google BigQuery

|dea: Web-scale analysis of nested data

client

I
I

root server

intermediate

servers

leaf servers T

(with local E E @
storage)

I

query execution tree

I

O
I

If

‘\
\\
~,
\\ - - -
\\
‘\
\\\ = = =
\\
~

storage layer (e.g., GFS)

I

il

i

|dea:

Google
BigQuery

Model:
Analytics-aa$S
Pricing:

Storage + GBs
Processed

API:
REST

77\

Multi-Level execution tree on
nested columnar data format

(2100 nodes)

m Melnik et al. “Dremel: Interactive analysis
of web-scale datasets”, VLDB 2010



Google BigQuery

|dea: Web-scale analysis of nested data

Google
BigQuery

Model:
Analytics-aa$S
Pricing:

Storage + GBs
Processed

API:

REST

client query execution tree
root server ” “
) -
intermediate l I 1 I
servers |_||_[ OO

e SLA:99.9% uptime / month

 Fundamentally different from relational DWHs
and MapReduce

e Design copied by Apache Drill, Impala, Shark




Amazon RDS

s

Relational Database Service

Services v

Step 1: Engine Selection

Felix Gessert ¥ Ireland ~

Engine Selection

To get started, choose the DB Instance details below and click Select

MySQOL

ORACLE
ORACLE

ORACLE

)

g‘(mj“f__ Server

)

L®
AT Carvar

mysql
MySQL Community Edition

postgres
PostgreSQL

oracle-se1
Oracle Database Standard Edition One

oracle-se
Oracle Database Standard Edition

oracle-ee
Oracle Database Enterprise Edition

sqlserver-ex
Microsoft SQL Server Express Edition

Note that SQL Server Express Edition limits the storage of per database
to a maximum of 10GB. Refer to this link for more details.

sglserver-web
Microsoft SQL Server Web Edition

Note that in accordance with Microsofts licensing policies, SQL Server
Woeb Edition can only be used to support public and internet accessible

| Select
| Select

| Select
| Select

| Select

| Select

Select

. Amazon RDS

Model:

Managed RDBMS
Pricing:

Instance + Volume
+ License

Underlying DB:

MySQL, Postgres,
MSSQL, Oracle

API:
DB-specific




Amazon RDS

1]

Relational Database Service

Services ~

Step 1:
Step 2:
Step 3:
Step 4:
Step 5:
Step 6:

Engine Selection
Production?

DB Instance Details
Additional Config
Management Options

Review

Felix Gessert v Ireland v  Help

Do you plan to use this database for production purposes?

Q For databases used in production or pre-production we recommend:

* Multi-AZ Deployment for high availability (99.25% monthly up time SLA)
+ Provisioned IOPS Storage for fast, consistent performance

Billing is based upon the RDS pricing table.
An instance which uses these features is not eligible for the RDS Free Usage Tier.

® Yes, use Multi-AZ Deployment and Provisioned IOPS Storage as defaults while creating this
instance

No, this instance is intended for use outside of production or under the RDS Free Usage Tier

Cancel Previous m

. Amazon RDS

Model:

Managed RDBMS
Pricing:

Instance + Volume
+ License

Underlying DB:

MySQL, Postgres,
MSSQL, Oracle

API:
DB-specific




. Amazon RDS
Amazon RDS RDS

Model:
Managed RDBMS

Pricing:

Relational Database Service

Felix Gessert v Ireland v  Help |nSta nce + VOlU me

Synchronous Replication + License

Automatic Failover n to use this database for production purposes? .
Underlying DB:

~nr databases used in production or pre-production we recommend:

Step 3: DB Instance Details - ) R . MySQL, POStg res,
* Multi-AZ Deployment for high availability (99.25% monthly up time SLA)
Step 4: Additional Config + Provisioned IOPS Storage for fast, consistent performance M SSQL, OraC|e
Step 5: Management Options Billing is based upon the RDS pricing table. X
An instance which uses these features is not eligible for the RDS Free Usage Tier. API:

Step 6: Review

DB-specific

® Yes, use Multi-AZ Deployment and Provisioned IOPS Storage as defaults while creating this
instance

No, this instance is intended for use outside of production or under the RDS Free Usage Tier

Cancel Previous m



. Amazon RDS
Amazon RDS RDS

Model:
Managed RDBMS

Pricing:

Relational Database Service

Instance + Volume

99,95% uptime SLA + License
Underlying DB:

Synchronous Replication
Automatic Failover n to use th

~nr databases used in production or pre-production we recommend:

Step 3: DB Instance Details - ) R . MySQL, POStg res,
* Multi-AZ Deployment for high availability (99.25% monthly up time SLA)
Step 4: Additional Config + Provisioned IOPS Storage for fast, consistent performance M SSQL, OraC|e
Step 5: Management Options Billing is based upon the RDS pricing table. X
An instance which uses these features is not eligible for the RDS Free Usage Tier. API:

Step 6: Review

DB-specific

® Yes, use Multi-AZ Deployment and Provisioned IOPS Storage as defaults while creating this
instance

No, this instance is intended for use outside of production or under the RDS Free Usage Tier

Cancel Previous m



Amazon RDS

Relational Database Service

Synchronous Replication
Automatic Failover n to use th

99,95% uptime SLA

~nr databases used in production or pre-production we recommend:

Step 3: DB Instance Details . o .
* Multi-AZ Deployment for high availability (99.25% monthly up time SLA)

Step 4: Additional Config + Provisioned IOPS Storage for fast, consistent performance

Step 5: Management Options Billing is based upon the RDS pricing table.
An instance which uses these features is not eligible for the RDS Free Usage Tier.

Step 6: Review

® Yes, use Multi-AZ Deployment and Provisioned IOPS Storage as defaults while creating this

Provisioned IOPS: access to
EBS volumes network-
optimized (up to 4000 IOPS) cancel | revious | (IR

- use outside of production or under the RDS Free Usage Tier

. Amazon RDS

Model:
Managed RDBMS

Pricing:
Instance + Volume
+ License

Underlying DB:

MySQL, Postgres,
MSSQL, Oracle

API:

DB-specific




. Amazon RDS
Amazon RDS RDS

Model:
R | ) | D b S ) Managed RDBMS
elational Database Service pricing
Wi Services v Instance + Volume
+ License
Step 1: Engine Selection DB Instance Details Underlying DB:
Step 2. Production? To get started, choose a DB engine below and click Next Step
Step 3: DB Instance Details DE Engine: mysql MySQL, POStg res,
Step 4: Additional Config License Model: | general-public-license v MSSQL, Oracle
) DB Engine Version: |[55.13 B
Step 5: Management Options API:
Sien s Rey DB Instance Class: |dbm3.xlarge
ep 6 Review o e
Multi-AZ Deployment: |- Select One - D B—SpeCIfI C
db.t1.micro
Auto Minor Version Upgrade: db.m1.small

Provide the details for your RDS Database Ins{ dlo.m1.medium
db.m1.large
Allocated Storage:* g 5 GB, Maximum' 3072 GB) Higher allocated storage may improve
db.m1.xlarge mance

Use Provisioned IOPS: |db.m2.xlarge

DB Inst dentifier:= db.m2.2xlarge _
nstance iaentirier: db.m2.4xlarge (e.g. mydbinstance)

Master Username:* |db.m3.medium (e.g. awsuser)
db.m3.large

db.m3.xlarge

db.m3.2xlarge
db.cr1.8xlarge

Master Password:* (e.g. mypassword)




. Amazon RDS
Amazon RDS RDS

Model:
R | . | D b S . Managed RDBMS
elational Database Service sricing:
Wi Services v Instance + Volume
+ License
Step 1: Engine Selection DB Instance Details Underlying DB:
Step 2. Production? To get started, choose a DB engine below and click Next Step .
Step 3: DB Instance Details DE Engine: mysql MySQL, POStg res,
Step 4: Additional Config License Model: | general-public-license v MSSQL, Oracle
) DB Engine Version: |[55.13 B
Step 5: Management Options API:
. DB Instance Class: [db.m3.xlarge |
ep 6: Review or
" Multi-AZ Deployment: |- Select One - DB—SpeCIfIC
db.t1.micro

Auto Minor Version Upgrade: db.m1 small

Provide the details for your RDS Database Ins{ dlo.m1.medium
db.m1.large
Allocated Storage:* g 5 GB, Maximum' 3072 GB) Higher allocated storage may improve
db.m1.xlarge mance

Use Provisioned IOPS: |db.m2.xlarge

DB Inst dentifier:= db.m2.2xlarge _
nstance iaentirier: db.m2.4xlarge (e.g. mydbinstance)

Mactar llearname:* | db.m3.medium (e.g. awsuser)
EC2 instances: Up to 32 = (e mypassvora
Cores, 244 GB RAM, 10 GbE db.m3.2xlarge

db.cr1.8xlarge




Amazon RDS

Relational Database Service

N#  Services ~

Step 1: Engine Selection DB Instance Details
Step 2. Production? To get started, choose a DB engine below and click Next Step
ngine: mysql
Minor Version Upgrades are fodel: [general-public-icense +

performed without downtime  rsien:

e lass :

Step 6: Review
ti-AZ Deployment:
Auto Minor Version Upgrade:

Provide the details for your RDS Database Ins

Allocated Storage:*

Use Provisioned IOPS:

DB Instance Identifier:*

Maetar |l learnamaea:'*

EC2 instances: Up to 32 g
Cores, 244 GB RAM, 10 GbE

5.6.13 v
db.m3.xlarge
- Select One -
db.t1.micro
db.m1.small

db.m1.medium
db.m1.large
db.m1.xlarge
db.m2.xlarge
db.m2.2xlarge
db.m2.4xlarge
db.m3.medium
db.m3.large
db.m3.2xlarge
db.cr1.8xlarge

5 GB, Maximum: 3072 GB) Higher allocated storage may improve
rmance

(e.g. mydbinstance)
(e.g. awsuser)

(e.g. mypassword)

. Amazon RDS

Model:
Managed RDBMS

Pricing:
Instance + Volume
+ License

Underlying DB:

MySQL, Postgres,
MSSQL, Oracle

API:

DB-specific




L]

Amazon RDS

Services v

Step 1: Engine Selection Management Options
Step 2: Production? Enable Automatic Backups: @® Yes () No
Step 3: DB Instance Details ) )

The number of days for which automated backups are retained
STEp 4: Additional Conflg Please note that automated backups are currently supported for InnoDB storage engine only. If you are using MylSAM, refer to detail
Step 5: Management Options here.

Backup Retention Period: 1 +|days

Step 6: Review

Relational Database Service

The daily time range during which automated backups are created if automated backups are enabled

Backup Window: Select Window ® No Preference

The weekly time range (in UTC) during which system maintenance can occur.

Maintenance Window: Select Window ® No Preference

. Amazon RDS

Model:

Managed RDBMS
Pricing:

Instance + Volume
+ License
Underlying DB:

MySQL, Postgres,
MSSQL, Oracle

API:
DB-specific




T

Amazon RDS

Relational Database Service

Services ~
Step 1: Engine Selection Management Options
Step 2: Production? Enable Automatic Backups: @® Yes () No

Step 3: DB Instance Details

The number ~f .hich automated backups are retained
STEp A A adalidlmam ] ™ £

step Backups are automated and
** scheduled

are currently supported for InnoDB storage engine only. If you are using MylSAM, refer to detail

riod: 1 «+|days

tomated backups are created if automated backups are enabled

Backup window: Select Window ® No Preference

The weekly time range (in UTC) during which system maintenance can occur.

Maintenance Window: Select Window ® No Preference

. Amazon RDS

Model:

Managed RDBMS
Pricing:

Instance + Volume
+ License
Underlying DB:

MySQL, Postgres,
MSSQL, Oracle

API:
DB-specific




T

. Amazon RDS

Amazon RDS RDS

Relational Database Service

Services ~

Step 1: Engine Selection
Step 2: Production?
Step 3: DB Instance Details

sacep Av Al lidlmamm] S m £l

step Backups are automated and

*r scheduled

Model:
Managed RDBMS

Pricing:

Instance + Volume

+ License
Management Options ;
Underlying DB:

MySQL, Postgres,
MSSQL, Oracle

API:

Enable Automatic Backups: @ Yes () No

The number ~f .hich automated backups are retained

are currently supported for InnoDB storage engine only. If you are using MylSAM, refer to detail

riod: 1 | days

tomated backups are created if automated backups are enabled D B—SpeC|f| C
Backup window: Select Window ® No Preference

The weekly time range (in UTC) during which system maintenance can occur.

e Support for (asynchronous) Read Replicas

e Administration: Web-based or SDKs

« Only RDBMSs

e “Analytic Brother” of RDS: RedShift (PDWH)



SQL Azure
Microsoft SQL Azure

Model:
Managed RDBMS

Similar to RDS pricing

Database size

T . Underl in DB
iR oo all items o
MSSQL Server
API;

T-SQL/TDS

NAME TYPE STATUS

Standardverzeichnis =

MOBILE SERVICES
L]

CLOUD SERVICES
]

SOL DATABASES

COMPUTE 50L DATABASE ’ QUICK CREATE Create and

running on
DATA SERVICES STORAGE ﬁ CUSTOM CREATE

APP SERVICES =1 HDINSIGHT s IMPORT

3 NETWORK SERVICES SiLGiE

STORE é RECOVERY SERVICES



SQL Azure
Microsoft SQL Azure

Model:
Managed RDBMS

Similar to RDS pricing

Database size

T . Underl in DB
iR oo all items o
MSSQL Server
API;

T-SQL/TDS

NAME TYPE STATUS

Standardverzeichnis =

MOBILE SERVICES
L]

CLOUD SERVICES
]

SOL DATABASES

COMPUTE SQOL DATABASE Create and
running on

DATA SERVICES STORAGE ﬁ CUSTOM CREATE

APP SERVICES =1 HDINSIGHT

3 NETWORK SERVICES SiLGiE

SIOHE RECOVERY SERVICES



SQL Azure
Microsoft SQL Azure

Model:
Managed RDBMS

Pricing:

Similar to RDS

X Database size
NEW SQL DATABASE - CUSTOM CREATE

Underlying DB:
Specify database settings nderlying

MSSQL Server
API:
test]

SUBSCRIPTION T_SQL/TDS

Kostenlose Testversion (e9d8c6c5-4238-441d-bé

NAME

EDITION

m BUSINESS

MAX SIZE

1GB v

COLLATION

SQL_Latin1_General _CP1_CI_AS v

SERVER

Mew 50L database server ¥




SQL Azure
Microsoft SQL Azure sQLAzure

Model:
Managed RDBMS

Similar to RDS pricing

X Database size
CREATE SERVER

. Underlying DB:
SQL database server settings

MSSQL Server

LOGIN NAME
test API:
LOGIM PASSWORD T_SQL/TDS

REGION

West US

ALLOW WINDOWS AZURE SERVICES TO ACCESS THE SERVER.



SQL Azure
Microsoft SQL Azure sQLAzure

Model:
Managed RDBMS

Similar to RDS pricing

Database size
] | Underlying DB:
MSSQL Server
API:

RELATIVE  » 24 HOURS VO T—SQL/TDS

Microsoft Azure  « CREDIT STATUS @ dietraube@livede

test

£a DASHBOARD MONITOR SCALE CONFIGURE

& DeaDLOCKS @) FAILED CONNECTIONS

<l

o SUCCESSFUL CONNECTIONS

1" 12AM 1 2 3 4 5 6 7 8 9 10 1" 12PM 1 2 3 4 5 & 7 8 9 10 1
usage overview quick glance
B usep AVAILABLE @ View Applicable Add-ons

Usage data not available ® Show connection strings

® Learn more about troubleshooting

CIFE oL ~AF1N2A KR ronnec tinne




Microsoft SQL Azure

Similar to RDS

Row | Table Group
Grou
: _, ‘ Customers | Orders
1 [1d_|Name Id |Oid |S
\] 34 | John 34 |1 v
‘ 1571 ﬂ 34 |2 x
§[92]... 19211 X
M.N.. T1Ie1.. [
B L
‘ N N\ /
‘\
[ Partitioning Key
' Partition | Column (Customerid)
A — l

S

' Cloud SQL Server

\_\ SQL Azure

SQL Azure

Model:

Managed RDBMS
Pricing:

Database size
Underlying DB:

MSSQL Server
API:

T-SQL/TDS

7'\

Multi-Tenant MSSQL
Paxos-like commit protocol for
consistent replication

P. Bernstein et al. “Adapting Microsoft SQL server
for cloud computing”, ICDE 2011




Microsoft SQL Azure

Keyless Table Group: regular

Similar to RDS database

Keyed Table Group: partitioned

SQL Azure

Model:
Managed RDBMS

Pricing:

SQL Azure

Database size

by row key Underlying DB:
Row | Table Group MSSQL Server
Group API:
: Customers Orders T-SQL/TDS
id [Name | [1d [oid [s
{34 | John 34 (1 |v]
N 57T 34 2 |
q... ; 7T
p \\ f e Multi-Tenant MSSQL
X /’ e Paxos-like commit protocol for
AN /4 5 | consistent replication
[~ Partitioning Key | o
Cohom (Coamad) e




Microsoft SQL Azure

Keyless Table Group: regular Managed RDBMS

Similar to RDS database

Keyed Table Group: partitioned

SQL Azure

SQL Azure

Model:

Pricing:

Database size

by row key Underlying DB:
Row | Table Group MSSQL Server
Group. API:
Customers | Orders T-SQL/TDS
" [1d [Name | [id [oid [s
Consistency unit 34 jdobn _Jgot |1 | v)
(ACID boundary) o7 3412 |*| _
92 |. 72 Rl S Cloud SQL Server I
....‘j\. 7’. . ,";
), ; / e Multi-Tenant MSSQL
¥ /,"' e Paxos-like commit protocol for
1718 AN /4 =1 |4 consistent replication
L' Partitioning Key o o ——
2 Col C Id . Bernstein et al. “Adapting Microsoft server
. Partition J ol 'ust;)mer ], for cloud computing”, ICDE 2011




SQL Azure

Microsoft SQL Azure

Model:
o Keyless Table Group: regular Managed RDBMS
Similar to RDS database Pricing:

Keyed Table Group: partitioned Database size

by row key Underlying DB:
Row Table Group MSSQL Server
Group_ API:
Customers Orders i T-SQL/TDS
% |1d | Name Id |Oid |S
Consistency unit |34 ]John | 134 1 |v
(ACID boundary) S |... S4j2. | =] )
dez2]... 9211 |% Cloud SQL Server I
N i e ' 7T\
. ey . N\ f ° -
Automatic Partitioning 1% | Multi-Tenant MssQL
for Keyed Table Groups e 74 * Paxos-like commit protocol for
= VT | | i V| consistent replication
J Partitioning Key | o o N
2 Col C I1d . Bernstein et al. “Adapting Microsoft server
. Eaivon J el lus?mer ], | for cloud computing”, ICDE 2011




22| SQL Azure

Microsoft SQL Azure

Model:
o Keyless Table Group: regular Managed RDBMS
Similar to RDS database Pricing:

Keyed Table Group: partitioned Database size

2 O I Underlying DB:
Row | Table Group MSSQL Server
el API:
| . Customers " | orders . T-SQL/TDS
% |id |[Name | [i1d |Oid |[S
Consistency unit |34 1dohn_| ]34 11 |
(ACID'boundaryi 2 F 412 |*[l seseenra——

e SLA:99.9% uptime / month

e Usually Cheaper than RDS (Multi-Tenancy)
* Smaller Databases (max. 150 GB)

* Rich MSSQL server tooling

 Keyed Table Group internal feature only




Other RDBMS services
@

MySQL for Google App Engine PaaS Pricing:

. , : Database size
Support for: patching, replication, backup |y genying o
SLA: 99,95 % uptime / month MySQL




Other RDBMS services
@

MySQL for Google App Engine PaaS e

Database size

Support for: patching, replication, backup

Underlying DB:

SLA: 99,95 % uptime / month MySQL
Postgres for Heroku PaaS Pricing:
Hosted on EC2 Plan based

Underlying DB:

No SLAs

Postgres




Other RDBMS services
o SO

MySQL for Google App Engine PaaS
Support for: patching, replication, backup
SLA: 99,95 % uptime / month

Postgres for Heroku PaaS

Hosted on EC2

MySQL for OpenStack (/cehouse)
Under development (HP driven)
VM & Tenant

Google Cloud SQL

Pricing:
Database size
Underlying DB:

MySQL

Heroku Postgres

Pricing:
Plan based
Underlying DB:

Postgres

Trove

Pricing:

Own Hardware
Underlying DB:
MySQL




Other RDBMS services

Evaluation of Cloud RDBMSs Google Clo !
_/

TPC-W Benchmark (Online Shop), 2010, Emulated Browsers / RPS:

1200
S3..»
1100 __’_.,-.-/
1000 522 Amue
i

900
800
700
600
o MySQL
400
300
ey - —====-—=-oc-_____ DB
100

0 -

0 1000 2000 3000 4000 5000 6000 7000 8000 900 -
EB

MySQL RDS ==SDB ==§83 ==AE/C “=~Azure ""°° Ideal

WIPS

m D. Kossmann,T. Kraska: An evaluation of alternative architectures for transaction processing in the cloud”, Sigmod 2010

MySQL




Managed NoSQL services

HBase

MongoDB

Riak

Cassandra

Redis

Model

Wide-
Column

Doc-
ument

Key-
Value

Wide-
Column

Key-
Value

CAP

CP

CP

AP

AP

CA

Sec. Largest Lear- :
Sl Indices  Cluster ning Lie. DBaas
Over 1/4
Row Key

Y mongoHa

(Softlayer)

With
Comp.
Index

Through  manual N/A
Lists,
etc.

instaclustr

Amazon
“a” ElastiCache



Managed NoSQL services

Sec. Largest Lear-
Indices  Cluster ning

Model CAP  Scans Lic.  DBaaS

HBase Wide- CP Over Apache
Column Row Key

MongoDB Doc-
ument '~‘ mOﬁgOHQ

ke 3/4 e |

And there are many more:
 CouchDB (e.g. Cloudant)
CouchBase (e.g. KuroBase Beta)

ElasticSearch(e.g. Bonsai)
Solr (e.g. WebSolr)




MongoHQ

EC2-based MongoDB-as-a-Serivce

sYmongoHa

Password

Forgot your password?

Create Account

MongoHQ

Model:

Managed NoSQL
Pricing:

Plan-based
Underlying DB:
MongoDB

API:

Mongo, REST (beta)




MongoHQ

Model:
_ Managed NoSQL
EC2-based MongoDB-as-a-Serivce pricing

Plan-based
;s\}‘mOﬁgOHQ Support Franz Kafka Sign Out Underlying DB:
g Databases Add Database MOF\gODB

API:

orestes Mongo, REST (beta)

orestesblog sandbox



s'mongoHa

MongoHQ

Model:
Managed NoSQL
Pricing:

Plan-based

EC2-based MongoDB-as-a-Serivce

;\‘}‘mOHQOHQ Support Franz Kafka Sign Out .
Underlying DB:
(=] Orestes Clone / Upgrade Database Add Database
= MongoDB
[E Collections
Overview Users Jobs Backups API
2t Admin Need help?
Backups:No backups are scheduled for this database. Manage backups.
For any questions about M o ng O' REST (beta)
MongoDB or the MongoHQ
Connection Strings service, please contact support.
Mongo Console Import Data
mongo alex.mongohq.com:10008/orestes -u <user> -
p<password> You can import data from a remote
Mongo URI database or a database already

hosted with MongoHQ.

mongodb: //<user>:

<password>@alex.mongohq.com: 10008 /orestes

Import a database.

Clone Database
Data Size Usage
Need to upgrade your database?
Need to convert a sandbox to a
production environment?

Clone Database

Performance Logging




MongoHQ

EC2-based MongoDB-as-a-Serivce

= CA\Windows\system32\cmd.exe - 8

C:\Users\Emil>mongo alex.mongohq.com:10008/orestes -u test -p test

MongoDB shell version: 2.6.0-rcl

connecting to: alex.mongohq.com:10008/orestes

> db.nosglmatters.insert({"talk" : "cloud databases in research and practice"})
Cannot use commands write mode, degrading to compatability mode

WriteResult({ "nInserted" : 1 })

> db.nosgmatters.find()

> db.nosglmatters.find()

{ " _id" : ObjectId("535bd8d956aa113774f9%e43a"), "talk" : "cloud databases in res
earch and practice" }

> ~C

bye

MongoHQ

Model:

Managed NoSQL
Pricing:

Plan-based
Underlying DB:
MongoDB

API:

Mongo, REST (beta)




MongoHQ

&
A

@

EC2-based MongoDB-as-a-Serivce

MONQOH@

Elastic Deployment

SSD

The way MongoDB was meant to
run, replicated and blazing fast.

New Elastic Deployment

Pricing for a three-member replica set starts at just
$18/GB.

Scale Automatically

As your data grows our servers will scale
smoothly, ensuring excellent performance.
You'll only pay for what you use.

Support Franz Kafka Sign Out

Sandbox Database

These are great for experimenting and
learning, but not suitable for production.

Free - 512MB —

Dedicated Servers

If your application needs a custom tailored
configuration, this is for you.

See options —

Have a Question?

Mur mmmninlinta Aara hammr da Aneciarsar

s'mongoHa

MongoHQ

Model:

Managed NoSQL
Pricing:

Plan-based
Underlying DB:
MongoDB

API:

Mongo, REST (beta)




MongoHQ

Model:
_ Managed NoSQL
EC2-based MongoDB-as-a-Serivce pricing:
Plan-based
;\\}‘mOHQOHQ Support Franz Kafka Sign Out .
Free Tier Underlying DB:
MongoDB
. Sandbox Datab .
: Elastic Deployment Tha” o :afa ase - API:
[con ] learning, bt?t not suitabﬁe for prod?:ction. Mongol REST (beta)
Private Process Multi- . Free - 512MB8 —
Tenancy t.
Scale-Up Strategy: RAM, |
|OPs and CPU increased at Dedicated Servers
. s at just If your application needs a custom tailored
ru ntl me configuration, this is for you.
Maximum Size: 1TB See options >

As your data grows our servers will scale .
smoaothly, ensuring excellent performance. Have a Question?
You'll only pay for what you use.

,\/\71 Scale Automatically

Mur mmmninlinta Aara hammr da Aneciarsar



MongoHQ

EC2-based MongoDB-as-a-Serivce

MONQOH@

Free Tier

Support  Franz Kafka

“'mongoHa

Model:

Managed NoSQL
Pricing:

Plan-based
Underlying DB:

MongoDB
; Elastic Deployment Sandpox Database API:
P These are great for experimenting and
leen | learning, but not suitable for production. Monao. REST (beta)
Private Process I\/I u |t|— e Memory Disk size Price Configurations [
Tenancy L.
1.medi 375GB 70 GB $250/mc Single server or Replica set
Scale-Up Strategy: RAM, | mhmeem :
|OPs and CPU increased at e o
. s af .arge -2 ek 22U b DO C >ingle server ¢ eplica set
runtime
MaXimum Size: lTB m2.xlarge 171 GB 250 $800/mc Single server or Replica set
Scale Automatically m2.xlarge Replica set
'/\7‘ As your data grows our servers will sca VM-Deployment (ECZ):
Vout oty poy for st yo e ma.axiarge M 1.large on EC2: $128.10 N

on EC2 with 1-yr-Res.: S30
With MongoHQ;: $637



s'mongoHa

5 mongora
MongoHQ

Model:
Managed NoSQL

EC2-based MongoDB-as-a-Serivce pricing
#1 thing that should never happen: Plan-based

Underlying DB:
MongoDB

MongoHQ Security Breach =
MongoHQ support@mongohg.com dber mail133.atl21.rsgsv.net 291013 - > APL:
anmich = Mongo, REST (beta)
_’:.tp. Englisch v »  Deutsch~ Machricht ibersetzen Deaktivieren fir: Englisch x

sYmongoHa

Security Breach Notification

Hello, this is Jason from MongoHQ. On October 28, 2013, we detected unauthorized
access to an internal support 1ppllcatlon using a password that was shared with a
compromised personal accoun

In handling security incidents, MongoHQ's priorities are to halt the attack, eliminate the
control failures that allowed the attack to occur, and to report the incident candidly and
accurately to our customers. For that reason, we've included detailed information’in the
next section of this email regarding the incident, how we neutralized it, and how we're
preventing future incidents.

As one of the founders of this com{aan and a part of this great team, | hoped to never
have to send this notice. The safety of your data is our top priority. We are taking all
appropriate steps to mitigate this risk and protect ¥ou Our team |s fully available to help
and answer questions and assist during this even

You can email support@mongohd.com or visit http://security.mongohg.com for the latest
information.

We are deeply sorry this occurred.



MongoHQ
Problem: Scalability

config Master /
| / T Slave &e
i Replica Set

Mongos CTTTTTTTTTTTmTTTmmmommmmosmmmmsommoomo e

Clien



MongoHQ

Problem: Scalability

What if Writes / second or
data volume become
bottleneck?

config

Client mongos et L TP,

|

Client



MongoHQ

Problem: Scalability

Sharding (Scale Out)
 Dynamic Scaling: Tenantadds ~ ~~"" "7 C
Replica Set e

* FElastic Scaling: Provider
adds/removes Replica Set
l MongoHQ: Only manual sharding

" _—" on “contact us” basis Replica Set
Client mongos

Client

config




MongoHQ

Problem: Scalability

Sharding (Scale Out)

* Dynamic Scaling: Tenant adds

Replica Set )
, * FElastic Scaling: Provider
config adds/removes Replica Set X
l MongoHQ: Only manual sharding  ~ i
_—~—" on “contact us” basis Replica Set

Vol HPAG N

e Bad: no SLAs, no horizontal scaling

e Good: Solid Dashboard, Backups, Replication,
integration with Heroku

* Competitors: MongoLab, ObjectRocket,
MongoSoup




ElastiCache

,RDS for Memcache and Redis”

Launch Cache Cluster Wizard

CACHE CLUSTER DETAILS

To get started, provide the details for your Cache Cluster below.

Name

Cache Port”

Number of Nodes’

Node Type

Topic for SNS Notification™

53 Snapshot Location

Auto Minor Version Upgrade

" Required

test 6 Engine
68379 0 Engine Version
1 0 Preferred Zone
cache.mlarge (7.1 GBme | € Cache Subnet Group
No SNS topics found... * | Manual ARN input €

i}

® Yes (' No €

Note: "Auto Minor Version Upgrade" only applies to the Cache Engine
software. Critical System Software patches (e.g. security related) may
be applied irrespective of this selection.

e
286 ki
No Preference MK ]

Not in VPC MK i ]

Note: A Cache Subnet Group is required for VPC

Amazon
= ElastiCache

ElastiCache

Model:

Managed NoSQL
Pricing:
Infrastructure
Underlying DB:
Memcache, Redis
API:

DB, REST
(management)




ElastiCache

,RDS for Memcache and Redis”

Launch Cache Cluster Wizard

Memcache can be run
as a cluster (client-
side sharding)

To get started, provide the detail

Engine
Cache Port® g3 0 Engine Version
Number of Nodes™ 1 0 Preferred Zone

Node Type cache.mi.large (7.1 GBme + | €} Cache Subnet Group

¥ | Manual ARN input 0

o

Topic for SNS Notification™ |No SM found...

Limited choice of
instance types

grade" only applies to the Cache Engine
wvare patches (e.g. security related) may
selection.

" Required

Memcache or Redis

redis "O
286 ki
No Preference MK ]

Not in VPC MK i ]

Note: A Cache Subnet Group is required for VPC

Amazon
= ElastiCache

ElastiCache

Model:

Managed NoSQL
Pricing:
Infrastructure
Underlying DB:
Memcache, Redis
API:

DB, REST
(management)




Amazon
= ElastiCache

ElastiCache

Model:
Managed NoSQL
. U
,RDS for Memcache and Redis pricing
Announced last Infrastructure
Saturday: Snapshots Underlying DB:
amazon Memcache, Redis
web services
API:
Dear Amazon Web Services Customer, DB, REST
Starting today, you can now create shapshots of your ElastiCache for Redis (management)

clusters, which can subsequently be used for restore operations. Snapshots can be
automatically created daily, as well as taken manually at any time. This feature
provides a convenient way to protect your Redis data.

For more details, please see our blog post. Getting started is easy with a few clicks
in the AWS Management Console.

Sincerely,
The Amazon ElastiCache Team

w By & %

Ve hope you enjoyed receiving this message. If you'd rather not receive future emails from Amazon Web Services unsubscribe here



ElastiCache

,RDS for Memcache and Redis”

1 Cache Parameter Group(s) selected

Cache Parameter Group: default.redis2.8

Viewing: | All Parameters

4« Name

activerehashing
appendfsync
appendonly

client-output-buffer-limit-
normal-hard-limit

client-output-buffer-limit-
normal-soft-limit

Allowed Values

yes,no
always,everysec,no

Yes,no

0-

v Edit Parameters

Is
Modifiable

Y
Y

Y

Instance Class

Value

yes
everysec

no

0

Amazon
= ElastiCache

ElastiCache

Model:

Managed NoSQL
Pricing:
Infrastructure
Underlying DB:
Memcache, Redis
API:

DB, REST
(management)




ElastiCache

,RDS for Memcache and Redis”

Amazon
= ElastiCache

ElastiCache

Model:

Managed NoSQL
Pricing:
Infrastructure
Underlying DB:
Memcache, Redis
API:

1 Cache Parameter Group(s) selected DB, REST
~ N _ (management)
Cache Parameter Group: default.redis2.8

Viewing; All Parameters v Edit Parameters
Is

4 Name Allowed Values Modifiable Instance Class Value

activerehashing YES, N0 Y AlLL ves
$ elasticache-modify-cache-parameter-group xy

appendonly yes,no Y ALL no

client-output-buffer-limit- 0- 0

normak-hard-imit AWS CLI tools and SDKs

oMo offer a superset of 0

Dashboard functions



Heroku DBaaS Addons

Many Hosted NoSQL
Dbaa$S Providers
represented

MongoHQ

MongoSoup Beta

FlyData

/>

o
14

| Y !
\~-,4

TempoDB Time
Series Database

R

Redis To Go
RedisGreen

X

KuroBase Beta

Treasure Data
Hadoop

M

MemCachier

Heroku Postgres
-

PG Backups

O

GrapheneDB feta

®

openredis

Memcached Cloud

E.

ClearDB MySQL
Database

i

MongoLab

©

Cloudant Data
Layer as a Service

IronCache

R

Redis Cloud




Heroku DBaaS Addons

Many Hosted NoSQL O
Dbaa$S Providers '
represented

And Search




Redis To Go

Heroku Redis2Go example

Model:

Create Heroku App: :ﬂénaged NoSQL
ricing:

Underlying DB:

Redis
API:

Redis




Heroku Redis2Go example s

Model:

Create Heroku App: :ﬂénaged NoSQL
ricing:

Underlying DB:

Add Redis2Go Addon: Redis

API:

5 heroku addons:add redistogo

—————> Adding RedisToGo to fat-unicorm-1337... done, vl8 (free) Redis




Heroku Redis2Go example ey

Model:

Create Heroku App: :ﬂénaged NoSQL
ricing:

Underlying DB:

Add Redis2Go Addon: Redis

API:
Redis

5 heroku addons:add redistogo

—————> Adding RedisToGo to fat-unicorm-1337...

Use Connection URL (environment variable):

uri = URI.parse (ENV["REDISTOGC URL"])

REDIS = BRedis.new(:url => ENY [ "REDISTOGO URL']]




Heroku Redis2Go example ey

Model:

Create Heroku App: :ﬂénaged NoSQL
ricing:

Underlying DB:

Add Redis2Go Addon: Redis

API:
Redis

5 heroku addons:add redistogo

—————> Adding RedisToGo to fat-unicorm-1337...

Use Connection URL (environment variable):

uri = URI.parse (ENV["REDISTOGC URL"])

REDIS = BRedis.new(:url => ENY [ "REDISTOGO URL']]

Deploy:

5 git push heroku master



Heroku Redis2Go example

Create Heroku App:

5 herocku create

Add Redis2Go Addon:

5 heroku addons:add redistogo

—————> Adding RedisToGo to fat-unicorm-1337... done, vl8 (free)

Use Connection URL (environment variable):

* Very simple

Redis To Go

Redis2Go

Model:

Managed NoSQL
Pricing:

Plan-based
Underlying DB:

Redis
API:

Redis

e Only suited for small to medium
applications (no SLAs, limited control)



Proprietary Database services

Sec. : Scale-
Model CAP  Scans . Queries AP] SLA
Indices out
SimpleDB  Table- CP Yes (as SQL-like REST +
Store gueries) (no joins, DG
groups, ...)
Dynamo-  Table- CP By range Local Sec. Key+Cond. REST + RaUiLelyElle
DB Store key / Global On Range  SDKs over Prim.
index Sec. Key(s) Y
Azure Table- CP By range Key+Cond. REST + [aUICInElle
Store key On Range  SDKs over Part.
Tables oy -,
AE/Cloud Entity- CP Yes (as Conjunct.  REST/ Automatic
DataStore ©MoUP queries) of Eq. SDK, over Entity
Predicates JDO,JPA [l
S3, Az. Blob- AP REST + [RAULGCIyE dle

over key
Blob, GCS  °™™® SDKs




Proprietary Database services

Sec. . Scale-
Model =~ CAP  Scans . Queries API SLA
Indices out

SimpleDB Table-  CP Yes (as SQL-like REST +

Store gueries) (no joins, DG

groups, ...)

Dynamo-  Table- CP By range Local Sec. Key+Cond. REST+ [aCLenElie
DB Store key / Global On Range  SDKs over Prim.

index Sec. Key(s) Y

Azure Table- CP By range _ Key+Cond. REST + 99.9%

There are many more object stores (HP, Rackspace,
etc.)

...but ho comparable Table Stores




Azure Storage

HTTP/HTTPS o~ .
Not Allowed
\
\
\
\
\
\
\
. \
Load-Balancing-System \
Virtual MacHines
| |
Virtual Machines |
/ | :
Call |
/ | |
L] [IS-Webserver Worker-Role
®| Web-Role B

\ Other
Services




Azure Storage

HTTP/HTTPS -

\
\
[Load-BaIa ncing-Systemj \

Virtual MacHines
| |
Virtual Machines / Storage |
7 | S i
Call L™ |
/ I - Tables|\ '
[IS-Webserveér N Worker-Role
L—
@ | Web-Role =k B
i =

[ =

Other
Services




Table Service example: Azure Tables

REST API

Partition
Key

intro.pdf
intro.pdf
pras.pptx

Row Key
(sortiert)

vl.1
vl1.2
v0.0

Timestamp Propertyl Propertyn
(autom.)

14/6/2013
15/6/2013
11/6/2013

} Partition

} Partition



Table Service example: Azure Tables

[ No Index: Lookup only (!) by full table scan .
Atomic "Entity-
Partition Row Key Timestamp ertyl Group Batch

Key (sortiert)  (autom.) Transaction" possible
intro.pdf  v1.1 14/6/2013 .. }

Partition

intro.pdf vl.2 15/6/2013
p[?af;stributed to ] 11/6/2013 }Partition

REST API

parition servers




Table Service example: Azure Tables

Partition Row Key
Key (sortiert)

intro.pdf vl.l
intro.pdf v1.2

REST API

pras.pptx  v0.0

Timestamp Propertyl Propertyn

(autom.)

14/6/2013 ... N
Partition

15/6/2013

11/6/2013 ... } Partition

-
—
-
—
-
-

~

Indexes all attributes
Rich(er) queries
Many Limits (size, RPS, etc.)

* Provisioned Throughput
* On SSDs (,single digit latency”)
* Optional Indexes




=zl Azure Tables

Azure Table Storage

Model:
E—
Challenges: ropriertary
: ey ) Pricing:
Single partition and range key (modelling) Requests + Storage
Very “basic” queries + Network

Underlying DB:
Custom System
API:

REST




Azure Table Storage

How can we improve Azure Storage?

C h +« Storage

789 Support secondary Indexes

\/ votes

| Vote |

A\VA
N—

Need to be able to sort on something other than the rowkey

‘ andybritcliffe shared this idea - Nov 24, 2009 - Flag idea as inappropriate...

Azure Tables

Azure Tables

Model:

Propriertary
Pricing:

Requests + Storage
+ Network
Underlying DB:
Custom System

API:

REST




-=== . Azure Tables

Azure Table Storage

Model:
Challenges: P"f‘?P"e”a’Y
. L. ) ricing:
Single partition and range key (modelling) BT —
Very “basic” queries + Network
Underlying DB:
Custom System
Good: API:
< Automatic Distribution REST

<Replicated 3x locally + 1x async. geo-replica



Azure Tables

Azure Table Storage

Model:
Challenges: P"f‘?P"e”a’Y
. L. ) ricing:
Single partition and range key (modelling) BT —
Very “basic” queries + Network
Underlying DB:
Custom System
Good: API:
< Automatic Distribution REST

<Replicated 3x locally + 1x async. geo-replica

Very good:
<€SLA (99.9% uptime)
<|nternal architecture published



Azure Table Storage

Windows Azure Storage

|dea:
* Layered storage infrastructure for Blobs and Tables

* Use research results (GFS, BigTable, Paxos, LSM, Erasure Coding)

Lock
Service

Monitor Lease .~

Lookup paﬁtition Partition | Update PM W&
. _ _w| Map Table
Front End/ ==

Client
Partition Assignmen}/
Load Balance ,~

writes \ reads p

[ Stream Layer )

Azure Tables

Azure Tables
Model:

Pror

il

7'\
»+ Storage
rk

DB:

System

m B. Calder, et al. "Windows Azure Storage: a highly available cloud storage service with strong consistency." , SOSP 2011



Azure Tables

Azure Table Storage Azure Tables

Model:
Windows Azure Storage Proy m-l—‘ -
dea: hink: Chubb
* Layered storage infrastructure for Blobs and Tabk Think: Chubby/ZooKeeper Storage
* Use research results (GFS, BigTable, Paxos, LSM, Erasu: . Nng) o8
Al System
Monitor Lease .~ ervice
Lookup parétit’io’n Mp;in.i;:)g:e ‘_L_Jed_aie_ o
Client ; - || "\ . Lease'Renewal
Partition ASS|gnment/ : ‘\ i g
Load Balance - [, \\__,.-
\_reads // g N :
Think: BigTable/HBase \ s
| \ bs1 . b3 Think: GFS/HDFS

[ Stream Layer J

m B. Calder, et al. "Windows Azure Storage: a highly available cloud storage service with strong consistency." , SOSP 2011



Amazon
DynamoDB

DynamoDB

Model:
Propriertary

Successor to SimpleDB pricing:

Provisioned
Throughput +

Limitations: Network

* Slow (~50-100 RPS)
* 10 GB per Domain st Sy
* Query result max. 2500 records or pren

1 MB REST
* Max. 1K-sized attributes

Underlying DB:




Amazon
DynamoDB

DynamoDB

Model:

Propriertary

Successor to SimpleDB pricing:

] Provisioned
Primary Key Range Key Attribute Throughput +

(scalar or set) | Network
% / Underlying DB:

[tem:  dom:com.cnn page:index content : "<html>..." Custom System
API:

REST




Amazon

DynamoDB
DynamoDB DynamoDB
Model:
. Propriertary
Successor to SimpleDB pricing:
] Provisioned
Primary Key Range Key Attribute Throughput +
(scalar or set) | Network
% / Underlying DB:
[tem:  dom:com.cnn page:index content : "<html>..." Custom System
API:
REST
Querying Options:

GetItem: Key Lookup

Query: Primary Key + Condition on Range Key
Scan: Full Table Scan with filter

EMR: Hive queries (for analytics)



DynamoDB

Successor to SimpleDB

Primary Key Range Key Attribute
% / (scalar or set)
[tem: dom:com.cnn page:index content : "<html>..."

Consistency:

Amazon
DynamoDB

DynamoDB

Model:
Propriertary
Pricing:
Provisioned

Throughput +
Network

Underlying DB:
Custom System
API:

REST

Strongly (2x price) or Eventually Consistent Reads

Atomic (Conditional) Updates per Item

Indexing Options:
Local Sec. Index: consistent additional Range Key

Global Sec. Index: eventually consistent index-table (Primary Key)



Amazon
DynamoDB

DynamoDB

Model:

Propriertary

Successor to SimpleDB pricing:

Provisioned
Throughput +

Create Table Canc Network

O Underlying DB:

PRIMARY KEY

Custom System

Table Name: test table] API:

Table will be created in eu-west-1 region REST

Primary Key:
DynamoDB is a schema-less database. You only need to tell us your primary key attribute(s).

Primary Key Type: @ Hash and Range Hash

® String Number Binary
Hash Attribute Name:

® String Number Binary
Range Attribute Name:

v Choose a hash attribute that ensures that your workload is evenly distributed
~ across hash keys.
For example, "Customer ID" is a good hash key, while "Game ID" would be a bad
choice if most of your traffic relates to a few popular games.
Learn more about choosing your primary key



Amazon
DynamoDB

DynamoDB

Model:

Propriertary

Successor to SimpleDB pricing:

Provisioned
Throughput +

Create Table Canc Network

O Underlying DB:

PRIMARY KEY

Custom System

Table Name: test table] API:

Table will be created in eu-west-1 region REST

Primary Key:
DynamoDB is a schema-less database. You only need to tell us your primary key attribute(s).

Primary Key Type: @ Hash and Range Hash

® String Number Binary
Hash Attribute Name:

® String Number Binary
Range Attribute Name:

v Choose a hash attribute that ensures that your workload is evenly distributed
~ across hash keys.
For example, "Customer ID" is a good hash key, while "Game ID" would be a bad
choice if most of your traffic relates to a few popular games.
Learn more about choosing your primary key



Amazon
DynamoDB

DynamoDB

Model:

Propriertary

Successor to SimpleDB pricing:

Provisioned
Throughput +

Create Table Canc Network

O Underlying DB:

PRIMARY KEY

Custom System

Table Name: test table] API:

Table will be created in eu-west-1 region REST

Primary Key:
DynamoDB is a schema-less database. You only need to tell us your primary key attribute(s).

Primary Key Type: @ Hash and Range Hash

® String Number Binary
Hash Attribute Name:

® String Number Binary
Range Attribute Name:

v Choose a hash attribute that ensures that your workload is evenly distributed
~ across hash keys.
For example, "Customer ID" is a good hash key, while "Game ID" would be a bad
choice if most of your traffic relates to a few popular games.
Learn more about choosing your primary key



Amazon
DynamoDB

DynamoDB

Model:

Propriertary

Successor to SimpleDB pricing:

Provisioned
Throughput +

Create Table Canc Network

O Underlying DB:

PRIMARY KEY

Custom System

Table Name: test table] API:

Table will be created in eu-west-1 region REST

Primary Key:
DynamoDB is a schema-less database. You only need to tell us your primary key attribute(s).

Primary Key Type: @ Hash and Range Hash

® String Number Binary
Hash Attribute Name:

® String Number Binary
Range Attribute Name:

v Choose a hash attribute that ensures that your workload is evenly distributed
~ across hash keys.
For example, "Customer ID" is a good hash key, while "Game ID" would be a bad
choice if most of your traffic relates to a few popular games.
Learn more about choosing your primary key



DynamoDB

Successor to SimpleDB

O
PROVISIOMNED
THROUGHPUT CAPACITY
Provisioned Throughput Capacity:
Help me calculate how much throughput capacity I need to provision

Throughput capacity to
Amazon DynamoDB lets y Unlt Of BI||Ing write throughput capacity you wish to provis
Using this information, Al riate resources to meet your throughput nes

Information
Read Capacity Units: [100

Write Capacity Units: 100

. Throughput capacity for this table will cost up to $65.63 per month if you have exceeded the free |
*Taxes may apply.

If you exceed the free tier you are charged for the provisioned through ut capacity of your table e»
“ actively use your provisioned capacity. Learn more about DynamoDB’s free tier and pricing.

Amazon
DynamoDB

DynamoDB

Model:
Propriertary
Pricing:
Provisioned

Throughput +
Network

Underlying DB:
Custom System
API:

REST




Amazon
DynamoDB

DynamoDB

Model:

Propriertary

Successor to SimpleDB

Pricing:

Provisioned
Throughput +
Network

Underlying DB:

Custom System

Good:

 Low Latency (SSD)

» Data partitioning and AZ-replication

Bad:

e Scaling not elastic (Capacity Units)

 No SLAs, no internals published (# Dynamo!)
* No built-in backups (= AWS data pipeline)

e Vendor Lock-in




© 5ooe oo
AE/Cloud DataStore

Model:

Propriertary

Structured Storage System for App Engine

Pricing:
Based on: CPU + Storage +
Network
Megastore—> BigTable = Colossus UG B
MegaStore

API:
SDK, JPA, JDO




Structured Storage ¢

Based on:
Megastore—> BigTabl

Google Developers Console v (@

AE/Cloud Data$ =

QOverview
APIs & auth
Permissions
Settings

Support

App Engine
Compute Engine

Cloud Storage

Cloud Datastore
Dashboard
Query

Indexes

CREATE ENTITY

Kind talks S Filters

talks Entities
NAME/D NAME PRESENTER
1d=5639445604728832 cloud databases in felix

research and practice

10=5649391675244544 cloud dbs —

» Cloud
re

ry

age +

DO




© 5ooe oo
AE/Cloud DataStore

Model:

Propriertary

Structured Storage System for App Engine

Pricing:
Based on: CPU + Storage +
Network
Megastore—> BigTable = Colossus UG B
MegaStore

API:
SDK, JPA, JDO




© 5ooe oo
AE/Cloud DataStore

Model:
. Propriertary
Structured Storage System for App Engine |,
Based on: CPU + Storage +
Network
Megastore—> BigTable = Colossus U rlyfing BE:
Schemafree Entity Group (EG) data model: | Megastore
API:
SDK, JPA, JDO
. User Photo
’ 1 ii
. ID - ID ;:
| Name User |
| VN

e e e e e e o mm mm mm mm Em = = Em =



AE/Cloud DataStore

P e e e T T T T Ry

Structured Storage System for App Engine

Based on:

Megastore—> BigTable = Colossus

Schemafree Entity Group (EG) data model:

—_— e e = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =

=~

e e e e e e o mm mm mm mm Em = = Em =

Google Cloud
Datastore
DataStore

Model:
Propriertary
Pricing:

CPU + Storage +
Network
Underlying DB:
MegaStore

API:

SDK, JPA, JDO

EG: User + n Photos
Unit of ACID transactions/

consistency

Fields autoindexed
(eventually consistent)



R
AE/Cloud DataStore

Model:

Propriertary

Structured Storage System for App Engine |,
Based on: CPU + Storage +

Network

Megastore—> BigTable = Colossus T—
Schemafree Entity Group (EG) data model: | Megastore

API:
SDK, JPA, JDO

—_— e e = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =

SELECT * FROM photos
WHERE ANCESTOR IS :34 AND name = ,,sunset®
ORDER BY date ASC
LIMIT 10

. |OFFSET 160

e e e e e e o mm mm mm mm Em = = Em =

P e e e T T T T Ry




AE/Cloud DataStore

Internally:
Datacenters
S BN

o> e ila>
O P B Dy i ey -
| 2 9 e I ACID.per EG. Maximum of

/\______g:__‘__—/__g_ ~—— ) 1 1Write/sto an EG.

Entity Groups (Tl [l e T

Eventual Consistency
'across groups

define partitions <‘\__

Synchronous é L S
Paxos-based \
replication Stored in
BigTable

—_——

NN

1 ] 1 1
] (\O
—— — — | —— | S ——

e e e —— —




AE/Cloud DataStore

Internally:
Datacenters
/: ~
-y C 3
(T-=—r=- —“—r==- .
| 1 ¢ | ACID per EG. Maximum of
'\ 2_5_ ____Z__ 1 Write/s to an EG.

|1
||
|1
|
[

NHO0I0) -
)

|
|
I
|
I
|
]
)

Entity Groups /If

define partitionsik__
3

I
|
\

Eventual Consistency
'across groups

f
I
t
I
|
I
I
I
f
|
|
|
[

I
[
|
I
I
l
I
|
I
I
]
)

— - . Ly ——

i

/ : ; Row User. | Photo. Photo. Photo.
Synchronous —— -\ key name | time tag _url
101 John
Paxos.bas'ed di 101,500 12:30:01 | Dinner, Paris | ...
replication Stored in 757 502 12:15:22 | Betty, Paris
BigTable | 102 Mary




AE/Cloud DataStore i,

* Paxos-based replicationand "%
transactions

100 Google applications

Problems: Slow Writes, Predefined

Entity Groups

Datacenters J. Baker, et al. "Megastore: Providing Scalable,
Highly Available Storage for Interactive Services."
CIDR 2011.

Internally:

U

|
|
|
|
|
l
)

| ACID per EG. Maximum of
1 Write/s to an EG.

(
|
|
L

Entity Groups /If

define partitions<‘\__
3

I
|
\

00100 -

I
[
|
I
I
l
I
|
I
I
]
)

Eventual Consistency
'across groups

f
I
t
I
|
I
I
I
f
|
|
|
[

1 1 1 H
—— — — | —— | S ——

1
r
|
R
|
i
|
|
|
|
\

R
%\ﬁO
N

/ / - " Row User. | Photo. Photo. Photo.
Synchronous —_~— .\ key name | time tag —url
101 John
Paxos.bas'ed di 101,500 12:30:01 | Dinner, Paris
replication Stored in 101,502 12:15:22 | Betty, Paris
BigTable | 102 Mary




AE/Cloud DataStore i,

* Paxos-based replicationand "%
transactions

100 Google applications

Problems: Slow Writes, Predefined

Entity Groups

Datacenters J. Baker, et al. "Megastore: Providing Scalable,
Highly Available Storage for Interactive Services."
CIDR 2011.

Internally:

U

|
|
|
|
|
l
)

(
|
|
L

1 Write dea: ——

e Autosharded Entity Groups
* Not based on BigTable
Implementation:

* TrueTime API (GPS + atomic

Entity Groups /If

define partitions<‘\__
3

I
|
\

QgD -
L

Eventu
"aCross

f
I
t
I
|
I
I
I
f
|
|
|
[

|
I
|
I
I
]
)

— e . Ly ——

ANN0HR0H0)
00
)

| "Row clocks) 2 commit timestamps ;]

Synchronous ~_— -~ = key of 2PL-SI transactions | |

Paxos-based \ % * Paxos-replication per Shard -

. . : b |
repllcatlon Sto red n 101,502 J. Corbett et al. "Spanner: Google’s globally

BigTable | 102 distributed database.” TOCS 2013




AE/Cloud DataStore i,

de

* Paxos-based replicationand 4 *%
transactions
100 Google applications

| 'l Problems: Slow Writes, Predefined
i: -
— Entity Groups
ldea. J. Baker, et al. "Megastore: Providing Scalable,
’ ) ) Highly Available Storage for Interactive Services."
e Full SQL relational database built on CIDR 2011.
Spanner, powers AdWords
Implementation: \eIbRe] Spanner ]
* 5-way replication M 1 dea: 7T\
* Data Model: relatlohal + hierarchy o +  Autosharded Entity Groups
(customgr%campalgnéAdGroup) | ventu . ot based on BigTable
Tran;agtlgns. Snapshot—Re.ad-—O.nIy, across Implementation:
P(.955|.m|st|c (Spanner), optimistic « TrueTime API (GPS + atomic
Distributed SQL Engine Row _ clocks) 2 commit timestamps ;7
key of 2PL-SI transactions u
11, Paxos-replication per Shard -
101,500
J. Shute, et al. "F1: A distributed SQL database that scales.”, VLDB 101,502 J. Corbett et al. "Spanner: Google’s globally B

2013

102 distributed database." TOCS 2013




AE/Cloud DataStore i,

* Paxos-based replicationand "%
transactions

100 Google applications

Problems: Slow Writes, Predefined

hit: :
— Entity Groups
ldea. J. Baker, et al. "Megastore: Providing Scalable,
’ ) ) Highly Available Storage for Interactive Services."
 Full SQL relational database built on CIDR 2011.
Shanner nowers Ad\Words
Good:

e Transactions (though limited)

e Good scalability of data volume

Bad:

* Entity Groups hard to define

e Bad Scale-Out for write and reads (Kossmann et
al.) 2 no advantage over RDBMS for small data
volumes

A Spanner/F1 based DBaaS?




Azure Blobs, Amazon S3, Google Cloud

Storage

|dea: Blobs with RESTful CRUD Interface
Distribution: (Bucket, Key) — Server + Replicas
CDN Integration (Azure CDN, Cloudfront)

S3: > 2 Trillion (2 - 10'?) objects

Azure Blobs:

Block 1 (up to 4 MB)

REST-Request—&%

\\\\8 Block 2

Block n

Block Blob: 4MB blocks = large files
Page Blob: 512B blocks = random |0

— [ —
\—L

4\!—/

Container

contains— >

Storage
Account




Azure Blobs, Amazon S3, Google Cloud
Storage

Automatic Versioning

Pricing: per request (10.000 ~ 1c) and storage
(1GB/month ~ 3c) and network (1GB ~ 10c)

Reduced Redundancy: only 1 replica

AMazon 53:  Gjacier: tape-disk archival

) DELETE /puppy.jpg HTTP/1.1 00
Replicas S3 Blob [¢«————Host: mybucket.sB.amazonaws.com—mw
Authorization: AWS AKIAIO...

AWS lreland DC



Azure Blobs, Amazon S3, Google Cloud
Storage

Automatic Versioning
Pricing: per request (10.000 ~ 1c) and storage

W ~ 3c) and network (1GB ~ 10c)
lil:

7'\

Findings: indancy: only 1 replica
. * Inconsistency window varies disk archival

from 2-11 seconds
* Monotonic Read Consistency

DELETE /puppy.jpg HTTP/1.1 00
is often violated

Host: mybucket.sB.amazonaws.com—mw
Authorization: AWS AKIAIO...

D. Bermbach,, S. Tai. "Eventual consistency:
m How soon is eventual?”, MW4SOC 11



Azure Blobs, Amazon S3, Google Cloud
Storage

Automatic Versioning
Pricing: per request (10.000 ~ 1c) and storage

5 orsrcy [T v s>
T Building a database on S3 ||.I E

|dea:
indancy: * Use S3 as the persistent storage of a

Findings:
. * Inconsistency window varies disk arch database
from 2-11 seconds
* Monotonic Read Consistency pel Implementation:

is often violated

Host:n e  Buffer Pool and Log Manager on S3
AUt o No transaction or query support

D. Bermbach,, S. Tai. "Eventual consistency: . e
m How soon is eventual?”, MW4SOC 11 m M. Brantner, et al. "Building a database on S3." Sigmod 2008



Parse - MBaa$S Parse |

Model:
Backend-
Founded June, 2011 Pacge" aas
Acquired by Facebook April, 2013 Plan-based
o Underlying DB:
Prici ng. Mainly MongoDB
Free API:

Enterprise



Parse - MBaaS Parse |

Model:
Founded June, 2011 f;f:;f"d'aas
Acquired by Facebook April, 2013 Elzn-lb.ase:B
PriCing: I\/Ina:r:linls/lon.goDB
Free API:
Pro (199S) SDKs, REST
Enterprise

S &Q

Parse Core



Parse - MBaa$S Parse |

Model:
Founded June, 2011 f;i‘:;f"d'aas
Acquired by Facebook April, 2013 Elzn-lb.ased
PriCing: I\/Ina:r:linls/IZ:goDB
Free API:
Pro (199S) SDKs, REST
Enterprise

S %Q

Parse Core Parse Analytics



Parse - MBaa$S Parse |

Model:
Founded June, 2011 f::r:f"d'aas
Acquired by Facebook April, 2013 Elzn-lb.ased
PriCing: I\Ar]a:r:linsAZ:goDB
Free API:
Pro (199S) SDKs, REST
Enterprise

Parse Core Parse Analytics Parse Push




Parse - MBaa$

- b + €3 bups@ www.parse.com <

Parse
arise

Classes + Row + Col More * | (Y "
objectid updatedAt ACL startAt - name
Mar 06,2014, 11:51  Mar 06, 2014, 11:5 Mar 05, 2014, 2300 Slrgin ek
wehiOgeKeg  Mar08,2014, 1151  Mar06, 2014, 11:5 Mar05,2014,2300  Saing Me Banks
VTP Mar 06,2014, 1151 Mar 06,2014, 115 Mar05,2014,2300  LaDeutsche Vita
BoFNXUGKT | Mar0,2014, 1151 Mar 06,2014, 11:51 Mar05,201¢,2300  Im August in Osage County
XAKSETHOK  Mar08,2014, 1151  Mar06, 2014, 11:5 Mar05,2014,2300 Mgt - Osidutschiand im Wardie
WOWLIZUMT  Mar06,2014, 1151 Mar 06, 2014, 11:51 Mar05,2014,2300  H&vi-Hofinung
X0AVRDW Mar 06, 2014, 11:51 Mar 06, 2014, 11:51 Mar 05, 2014, 23.0 Grand Budapest Hote!
DO24RROMEY  Mar 06,201, 11551 Mar 06,2014, 1151 Mar 05,201¢,2300  Der Tropfen - En Roadmovie
SYnorm7UZE Mar 06, 2014, 11:51 Mar 06, 2014, 11:51 Mar 05, 2014, 23:00 Bib' & Tina - Der Film
WhuSHTZd Mar 06, 2014, 1151 Mar 06, 2014, 1151 Mar 05,2014,2300  Beliracon - Die Kunst der Féischung
XOAMBQWWWK | Mar 06,2014, 11:51  Mar 06, 2014, 11:61 Mar05,2014,2300  AForesta De Jonathas - m dunkien Grin
OnvitTeHVL. Mar 06, 2014, 11:51 Mar 06, 2014, 11:51 Mar 05, 2014, 23:00 300: Rise Of An Empre
Mar 06, 2014, 1161 Mar 06, 2014, 1151 Mar05,2014,2300  Ales was wir wollen
Mar 06, 2014, 11:51 Mar 06, 2014, 11:51 Mar 05, 2014, 23:00 Ales nkusive
PCer47kuNP Mar 06, 2014, 11:51 Mar 10, 2014, 18:48 Mar 12, 2014, 2300 Man of Tal Cni
OOBDWZGNN  Mar06,2014, 1151 Mar(6, 2014, 11:51 Mar12,2014,2300 Do Blchardieon
BJaHUOKq 1D Mar 06, 2014, 11:51 Mar 06, 2014, 11:51 Mar 12, 2014, 2300 LLiebasoriefe aines Unba<annten
2WJ9RDDKDI Mar 06, 2014, 11:51 Mar 06, 2014, 11:51 Mar 12, 2014, 23:00 Cerro Tome - Nicht cen Hauch einer Chance
BWMBHWZZ4  Mar08,2014, 1151 Mar08,2014, 115 Mar 12,2014,2300  Pettersson und Fincs - Kianer QuaIgast. gr
20nisCjog Mar 06, 2014, 11:51 Mar 10, 2014, 17:32 Mar 12, 2014, 23:00 Misommernachistango
20 : 1-200f145rows | »
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Authentication T —— .

Apple iCloud Wikipedia Yahoo News ™ Beliebt * ¥

User + Password Parse
OAuth: Facebook, Twitter e e

Classes + Row + Col More * | (Y "
objectid updatedAt ACL startAt - name
Mar 06,2014, 11:51  Mar 06, 2014, 11:5 Mar 05, 2014, 2300 Slrgin ek
wehiOgeKeg  Mar08,2014, 1151  Mar06, 2014, 11:5 Mar05,2014,2300  Saing Me Banks
VTP Mar 06,2014, 1151 Mar 06,2014, 115 Mar05,2014,2300  LaDeutsche Vita
BoFNXUGKT | Mar0,2014, 1151 Mar 06,2014, 11:51 Mar05,201¢,2300  Im August in Osage County
XAKSETHOK  Mar08,2014, 1151  Mar06, 2014, 11:5 Mar05,2014,2300 Mgt - Osidutschiand im Wardie
WOWLIZUMT  Mar06,2014, 1151 Mar 06, 2014, 11:51 Mar05,2014,2300  H&vi-Hofinung
X0AVRDW Mar 06, 2014, 11:51 Mar 06, 2014, 11:51 Mar 05, 2014, 23.0 Grand Budapest Hote!
DO24RROMEY  Mar 06,201, 11551 Mar 06,2014, 1151 Mar 05,201¢,2300  Der Tropfen - En Roadmovie
SYnorm7UZE Mar 06, 2014, 11:51 Mar 06, 2014, 11:51 Mar 05, 2014, 23:00 Bib' & Tina - Der Film
WhuSHTZd Mar 06, 2014, 1151 Mar 06, 2014, 1151 Mar 05,2014,2300  Beliracon - Die Kunst der Féischung
XOAMBQWWWK | Mar 06,2014, 11:51  Mar 06, 2014, 11:61 Mar05,2014,2300  AForesta De Jonathas - m dunkien Grin
OnvitTeHVL. Mar 06, 2014, 11:51 Mar 06, 2014, 11:51 Mar 05, 2014, 23:00 300: Rise Of An Empre
Mar 06, 2014, 1161 Mar 06, 2014, 1151 Mar05,2014,2300  Ales was wir wollen
Mar 06, 2014, 11:51 Mar 06, 2014, 11:51 Mar 05, 2014, 23:00 Ales nkusive
PCer47kuNP Mar 06, 2014, 11:51 Mar 10, 2014, 18:48 Mar 12, 2014, 2300 Man of Tal Cni
OOBDWZGNN  Mar06,2014, 1151 Mar(6, 2014, 11:51 Mar12,2014,2300 Do Blchardieon
BJaHUOKq 1D Mar 06, 2014, 11:51 Mar 06, 2014, 11:51 Mar 12, 2014, 2300 LLiebasoriefe aines Unba<annten
2WJ9RDDKDI Mar 06, 2014, 11:51 Mar 06, 2014, 11:51 Mar 12, 2014, 23:00 Cerro Tome - Nicht cen Hauch einer Chance
BWMBHWZZ4  Mar08,2014, 1151 Mar08,2014, 115 Mar 12,2014,2300  Pettersson und Fincs - Kianer QuaIgast. gr
20nisCjog Mar 06, 2014, 11:51 Mar 10, 2014, 17:32 Mar 12, 2014, 23:00 Misommernachistango
20 : 1-200f145rows | »
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Parse - MBaa$

Authentication T —— T —

Apple iCloud Wikipedia Yahoo News ™ Beliebt * ¥

User + PaSSWO rd ’ ')C rse Cuickstar Products ) vioicome Hannos
Sneaq v Analytics Cioud Code Push Notifications Settings

Documentation Downloat

= OAuth: Facebook, Twitter

1032014 -Varngire Academy

Classes + Row + Col More * | (Y S
10.3.2014 - Unser Hodscha
20 objectid createdAt updatedAt ACL startAt + name
0 SmSPpbA379 Mar 06, 2014, 11:51 Mar 06, 2014, 1 Mar 05, 2014, 23:00 Slrgin ek
WehkeKeg | Mar08,2016, 1151 Mar06,2014, 1 Mar05,2014,2300  Saving M. Banks
S @ | Vo Mar 06,2016, 11,51 Mar06, 2014, 1 Mar05,2014,2300  LaDeutsche Viia
. BoFNXIOK? Mar 06,2014, 11:51  Mar 06, 2014, 1 Mar 05, 201¢, 23:00 Im August in Osage County
WOWBITUMT  Mar06,201, 1151 Mar06, 2014, 1151 Mar05,2014,2300  Hei- Hofinung
[ | SOAVFOWMG  Mar06, 201, 1151 Mar06, 2014, 11:51 Mar05,2014,2300  Grand Budspest Hote
n eW Pa rse Qu e ry CI n e m a S DO24RROMEY  Mar 06,201, 11551 Mar 06,2014, 1151 Mar05,2014,2300  Der Tropfen - En Rosdmovie
* 5¥norm7U2E Mar 06, 2014, 11:51 Mar 06, 2014, 11:51 Mar 05, 2014, 23:00 Bibi & Tina - Der Film
. . . WOUSHTZd  Mar0.2014, 1151  Mar06, 2014, 1151 Mar05,2014,2300  Bafrecon - Die Kuns: der Faisohung
W I t h I n KI | O m ete rs OIMBQuiWK  Mar 06,2014, 1151 Mar06, 2014, 11:51 Mar05,2014,2300 A Foresta De Jonathas - Im dunien Grin
: oot OnvitTeHVL. Mar 06, 2014, 11:51 Mar 06, 2014, 1 Mar 05, 2014, 23:00 300: Rise Of An Empre
0CCOQUN  Mar06,2014, 1151 Mar 06,2014, 11351 Mar05,2014,2300  Ales was wirwalln
fetch eemes i a1 wwon an st s st o00 e
PCard7NP  Mar06,2014, 1181 Mar 10,2014, 1848 Mar12,2014,2300  ManotTal On
OcBOWZGNN  Mar06,2014, 1151 Mar06, 2014, 1151 Mar12,2014,2300 Do Bicharienn
6JaHUOKq 1D Mar 06, 2014, 11:51 Mar 06, 2014, 11:51 Mar 12, 2014, 2300 LLiebasoriefe aines Unba<annten
2WJSRDDKDI Mar 06, 2014, 11:51 Mar 06, 2014, 11:51 Mar 12, 2014, 23:00 Cerro Torre - Nicht cen Hauch einer Chance
IMBHWZ4  Mar06,2014, 1151 Mar08,2014, Mar12,2014,2300  Petiersson und Findls - Kianer QLaKeKL. gr
2OnisCjoq Mar 06, 2014, 11:51 Mar 10, 2014, 17:32 Mar 12, 2014, 23:00 Misommernachistango
20+ ) rows/page 1-200f 145 rows | »
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Authentication T —— —

Apple iCloud Wikipedia Yahoo News ™ Beliebt * ¥

Sneaq  feve

l 'S er 4 Pa SSWO rd ’)C rse cketart Tutorsls' Documentaton Downloads Help Priong Producis ) vioicome Hamnoes
CiCinerma~
ez s uth: Faceboo witter
* I
[y ——— a0 Classes + Row +Col || More + |y Lo
User 20 objectid createdAt updatedAt ACL startAt - name

(e e o STSPCDAITE | Mar06,2014, 1151 Mar06, 2014, 115 Mar05,2014,2300  Sirgin bek

wehioqekeg  Mar06,2014, 1151 Mar 06, 2014, Mar05,2014,2300  Savng M. Banks
@Dic chane und das Biest 152014

@ voeaw Mar 06,2016, 11,51 Mar 06, 2014, Mar05,2014,2300  LaDeutsche Vita
. BoFNXIOK? Mar 06,2014, 11:51  Mar 06, 2014, Mar 05, 201¢, 23:00 Im August in Osage County

[ — 152014

XoAKSETHOK  Mar06, 201, 1151 Mar06, 2014, 115 Mar05,201,2300 Wi - Osideutschiand im Wardle
p—— wisa WOLTUMT  Mar06.201¢, 1151 Mar 06, 2014, 1151 Mar05,2014,2300 M- Hofinung

o Schadenfreurdinnin ¥
1 . 1 XOAVRDIVM Mar 06,201, 1151 Mar06, 2014, 1151 Mar 05, 2014, 23.X Grand Budapest Hote

@ Dic Muppets 2 Muppets Mest Wantecd 152014 N eW Pa rs e Qu e ry ( N e m a S DO4RROMOY  Mar06.201¢, 1151 War06, 2014, 11:51 Mar05,2014,2300  Der Tropten - En Rosdmovie

5¥norm7U2E Mar 06, 2014, 11:51 Mar 06, 2014, 11:51 Mar 05, 2014, 23:00 Bibi & Tina - Der Film
T — Cacesg . . . WOLSMTZd  Mar06,2014, 1151 Mar06,2014, 1151 Mar05.2014,2000 _ Balracon - Die Kunst der Féschung

withinKilometers b | ot e | o Vit 251, 2090 AP ot s 01

@ Bezichungsweise New York 152014 OnvitTeHVL. Mar 06, 2014, 11:51 Mar 06, 2014, Mar 05, 2014, 23:00 300: Rise Of An Empre

0CCOQUN  Mar06,2014, 1151 Mar06,2014, 115 Mar05.2014,2000  Ales was wirwolen
@ Dic Erfindung der Lic 152014 fetc h WFBzmE2! Mar 06, 2014, 11:51 Mar 06, 2014, 11:51 Mar 05, 2014, 23:00 Ales nkusive

PCer47kuNP Mar 06, 2014, 11:51 Mar 10, 2014, 18:48 Mar 12, 2014, 2300 Man of Tal Chi
@ Oberichund Du 0eBOWZGhN Mar 06, 2014, 11:51 Mar 06, 2014, 11:51 Mar 12, 2014, 23:00 De Bicherdiedin

6JaHUOKq 1D Mar 06, 2014, 11:51 Mar 06, 2014, 11:51 Mar 12, 2014, 23:0( LLiebasoriefe aines Unba<annten
CE T il 2WJSRDDKDI Mar 06, 2014, 11:51 Mar 06, 2014, 11:51 Mar 12, 2014, Cerro Torre - Nicht cen Hauch einer Chance

. SEMBHWZZE  Mar08,2014, 1151 Mar08,2014, 15 Mar 12,2014,2300  Petiersson und Finaus - Kiener Q&K or
@i am 52014 =
l I e ry OV I e S 2OnsCiog Mar 06,2014, 1151 Mar 10,2014, 17:32 Mar 12,2014,2300  Misommermachistango

@ Rosic 352014

20 ) rows/page 1-200f145rows | »
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P e e e e e e e

Meteor

ldea: Full-Stack JavaScript with Node.js,

MongoDB and WebSockets

e e e e e e e ]

________________________

»

Web Browser <«

WebSocket

o = = = = = = =

Meteor:z:vew

Model:
Backend-aa$S
Pricing:

No yet revealed
Underlying DB:
MongoDB

API:
WebSockets

______________________

Node.js + MongoDB
(Single Server)
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Meteor

ldea: Full-Stack JavaScript with Node.js,

MongoDB and WebSockets

<div class="player {{selected}}"> |
<span class="name">{{name}}</span> w
<span class="score">{{score}}</span> w

</div>

e e e e e e e ]

________________________

Web Browser <«

WebSocket

o = = = = = = =

Meteor:z:vew

Model:
Backend-aa$S
Pricing:

No yet revealed
Underlying DB:
MongoDB

API:
WebSockets

______________________

Node.js + MongoDB
(Single Server)



- e e e = = = = = = === ——

Meteor:z:vew

Meteor Meteor

Model:
Backend-aaS

|dea: Full-Stack JavaScript with Node.js, pricing
MongoDB and WebSockets No yet revealed

Underlying DB:

/————————————————————————————————————————P MongoDB
‘ O

API:
<div class="player {{selected}}"> |

<span class="name">{{name}}</span> I WebSockets
<span class="score">{{score}}</span> w

I e e e e e e e e e e e e e e e e e e e =
</div> v E::f]

I

“ Players = new Meteor. w

o = = = = = = =

/]

______________________________________________________________________

Web Browser <« VebSocker > que.js + MongoDB
(Single Server)



P e e e e e e e

Meteor

ldea: Full-Stack JavaScript with Node.js,

MongoDB and WebSockets

<div class="player {{selected}}"> |
<span class="name">{{name}}</span> w
<span class="score">{{score}}</span> w
</div> w

if (Meteor.isClient) { |
Template.leaderboard.players = function () { |
return Players.find({}, |
{sort: {score: -1, name: 1}}); !

B

Web Browser <« >

WebSocket

o = = = = = = =

Meteor:z:vew

Model:
Backend-aa$S
Pricing:

No yet revealed
Underlying DB:
MongoDB

API:
WebSockets

.=

/]

___________________________

Node.js + MongoDB
(Single Server)



Meteor:z:vew

Meteor Meteor

Model:
Backend-aaS

|dea: Full-Stack JavaScript with Node.js, pricing
MongoDB and WebSockets No yet revealed

Underlying DB:

/————————————————————————————————————————P MongoDB
‘ O

API:
<div class="player {{selected}}"> |

<span class="name">{{name}}</span> I WebSockets
<span class="score">{{score}}</span> w

I e e e e e e e e e e e e e e e e e e e =
</div> v E::E]

I

“ Players = new Meteor. w

if (Meteor.isClient) { |
Template.leaderboard.players = function () { |
return Players.find({}, |
{sort: {score: -1, name: 1}}); !

$ meteor deploy abc.meteor.com

Web Browser <« VebSocker > que.js + MongoDB
(Single Server)




Meteor:z:vew

Meteor [
Model:
. . . Backend-aa$S
|dea: Full-Stack JavaScript with Node.js, pricing
MongoDB and WebSockets No yet revealed

<div class="player {{selected}}"> u
<span class="name">{{name}}</span> ! WebSockets

<span class="score">{{score}}</span> !
/ _________________________ O
7
! - 1

</div>

_____________________----P MongoDB
@

Underlying DB:

API:

Very productive for very small projects

Fundamentally limited scalability:
e Server tails Mongo‘s oplog
 And holds the fetched data state of
every client



Outline
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What are Cloud
Databases?

Cloud Databases in
the wild

Research Perspectives

Wrap-up and
literature

Hot Topics

Orestes: a scalable, low-
latency architecture
Bagend: putting it into
practice
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Encrypted Databases: Research

Example: CryptDB
ldea: Only decrypt as much as neccessary

L R R R R R R R R R R R R N R R R —————————.,.—

______________________________________________________________

______________________________________________________________



Encrypted Databases: Research

Example: CryptDB
ldea: Only decrypt as much as neccessary

. SQL-Proxy |
| I
| I
! . . I
; Encrypts and decrypts, rewrites queries !
/ RDBM> - N SEARCH | %
- RND: no functionality i
: (" RND: no functionality h e _ N :
| OPE: order |
I ( . . A 1
! DET: equality selection OPE-IOIN Onion Search E
| JOIN: lity joi range join

| any value any value

I O /) > J/ :
\ 1
N Onion Eq Onion Ord Onion Add

______________________________________________________________



Encrypted Databases: Research

Relational Cloud

DBaaS Architecture:

_——— = = = =

e e e o e e o o o o= o o= o= o

Example: CryptDB

ldea: Only decrypt as much .

Encrypted with CryptDB

T oTTToToToToToooomomomomomt e Multi-Tenancy through live

______________________________

(" RND: no functionality h

(DET: equality selection)

any value

migration
* Workload-aware partitioning

(graph-based)

(RND: no functionality

I

[ JOIN: equality join ]

Onion Eq

______________________________________________________________

OPE: order

OPE-JOIN:
range join

any value

~

SEARCH

Onion Search

HOM: add

int value

Onion Add

\

[ AU U

7'\

C. Curino, et al. "Relational cloud: A database-as-a-service
for the cloud.”, CIDR 2011




Encrypted Databases: Research

Relational Cloud
Example: CryptDB

DBaaS Architecture: hi:
Idea: Only decrypt as much . gnerypted with CryptDB 77T
Tt oToToTronommomomomomommmmmmt e Multi-Tenancy through live
SQL-Proxy migration

* Workload-aware partitioning
(graph-based)

o —====x

Encrypts and decrypts,

[ C. Curino, et al. "Relational cloud: A database-as-a-service
far tha rland “ CIDR 2N11

 Early approach
 Not adopted in practice, yet

Dream solution:
Full Homorphic Encryption




Transactions/Consistency: Research

Dynamo
Yahoo PNuts

COPS

MySQL (async)
Megastore
Spanner/F1

MDCC

Consistency

Eventual
Timeline per key

Causality

Serializable
Serializable
Snapshot Isolation

Read-Commited

Transactional Unit

None
Single Key

Multi-Record

Static Partition
Static Partition
Partition

Multi-Record

Commit
Latency

1RT

1 RT

1RT

1RT

2 RT

2 RT

1RT

Data
Loss?

possible

possible

possible



Transactions/Consistency: Research

Multi-Data Center Consistency it Data

Consisten
|dea:

Dynamo Eventual ¢ Multi-Data center commit protocol with
single round-trip

Yahoo PNuts  Timeline pe Implementation:

 Optimistic Commit Protocol

* Fast, Generalized Multi-Paxos

COPS Causality

MySQL (async) Serializable Result: almost as fast as Dynamo-style

T. Kraska et al. "MDCC: Multi-data center consistency." EuroSys, 2013.
Megastore Serlallzable LA LCIW T WAl LITWIWwI Y &= TV

Spanner/F1 Snapshot Isolation Partition 2 RT -

MDCC Read-Commited Multi-Record 1RT -



Transactions/Consistency: Research

Multi-Data Center Consistency it Data

Consisten
ldea:

Dynamo Eventual ¢ Multi-Data center commit protocol with -
single round-trip
Yahoo PNuts  Timeline pe Implementation:
 Optimistic Commit Protocol
Fast, Generalized Multi-Paxos

COPS Causality

e e s . - .. .. Result: almost as fast as Dvnamo-stvle

Currently no NoSQL DB implements
consistent Multi-DC replication




Benchmarking: Research

YCSB (Yahoo Cloud Serving Benchmark)
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Benchmarking: Research

YCSB (Yahoo Cloud Serving Benchmark)

___________________

= c = —
@) 0Q :
~ Threads ®
o o =
2 ® Data Store o
2 = -
= = =
Q) Stats =t
S o

()

,,,,,,,,,,,,,,,,,,,

Client



Benchmarking: Research

YCSB (Yahoo Cloud Serving Benchmark)

Runtime Parameters:

DB host name, /

threads, etc. |

Workload: '

1. Operation Mix
2. Record Size

3. Popularity Distribution

\2

Stats

Client

___________________

_ =

H

Data Store

u

]



Benchmarking: Research

YCSB (Yahoo Cloud Serving Benchmark)

Read()
Runtime Parameters: ... ______ . Insert()
DB host name, K », Update()
threads, etc. = = Delete()
. O o
A Threads @ . scan()
O o} |
. & © >
I o (W) I
L@ @ ' DB protocol
I S S I
o = o
I o) Stats 3, ::
S D
u\ D /ﬂ
Workload: . K
1. Operation Mix Tttt
2. Record Size Client

3. Popularity Distribution

Data Store

—
—
|-
M—J}
—
—

H



Benchmarking: Research

YCSB (Yahoo Cloud Serving Benchmark)

Read()

Workload Operation Mix Distribution Example

A — Update Heavy Read: 50% Zipfian Session Store
Update: 50%

B — Read Heavy Read: 95% Zipfian Photo Tagging
Update: 5%

C — Read Only Read: 100% Zipfian User Profile Cache

D — Read Latest Read: 95% Latest User Status Updates
Insert: 5%

E —Short Ranges  Scan: 95% Zipfian/ Threaded Conversations
Insert: 5% Uniform

3. Popularity Distribution




Benchmarking: Research

Example Result
(Read Heavy):

40 . ‘
Cassandra —+—
35| HBase - x
PNUTS oo

30 ¢ MySQL =

Read latency (ms)
[\]
S

0 2000 4000 6000 8000 10000
Throughput (ops/sec)



Benchmarking: Research

Example Result
(Read Heavy):

40 . ‘
Cassandra —+—
35 HBase -3¢
PNUTS - oo
z 307 MySQL
= 25f
Weaknesses:
e Single client can be a
bottleneck

* No consistency &
availability measurement




Benchmarking: Research

YCSB++ -
~ale Ill

7'\

e Clients coordinate through
Zookeeper

e Simple Read-After-Write Checks

e Evaluation: Hbase & Accumulo —_—

S. Patil, M. Polte, et al., Ycsb++: benchmarking and

performance debugging advanced features in scalable
table stores”, SOCC 2011

“a———

Weaknesses:

e Single client can be a
bottleneck

* No consistency &
availability measurement




Benchmarking: Research

YCSB+T
YCSB++ .
~uale Ill :

7T\ * New workload: Transactional I,'.Ii
e Clients coordinate through Bank Account
Zookeeper e Simple anomaly detection for
* Simple Read-After-Write Checks Lost Updates
* Evaluation: Hbase & Accumulo  +— « No comparison of systems
IV J—
] . . * ......
e b it sdmeed fontues peanple B A. Dey et al. “YCSBAT: Benchmarking Web-Scale
table stores”, SOCC 2011 Transactional Databases”, CloudDB 2014
2 | |
Weaknesses: |
. . ([
« Single client can be a No Transaction Support
bottleneck

* No consistency &
availability measurement



Benchmarking: Research

YCSB+T
YCSB++ - -
~ale Ill : Ill :

7T\ * New workload: Transactional ‘S

e Clients coordinate through Bank Account
Zookeeper e Simple anomaly detection for
* Simple Read-After-Write Checks Lost Updates
* Evaluation: Hbase & Accumulo  +— « No comparison of systems
IV J—
* ......
Sél:?;irlr'ngﬂr'l:eo(ljt;jt ailr';'Y:Z?/;;;:Z?gggi;ii?ngig?abl e B A. Dey et al. “YCSB+T: Benchmarking Web-Scale
fable S, SOC(Zg§Olgl Transactional Databases”, CloudDB 2014
2 | |
Weaknesses: |
. . ([
« Single client can be a No Transaction Support
bottleneck

No specific application
— CloudStone, CARE, TPC
extensions?

* No consistency &
availability measurement



Benchmarking: state of the art

annony

() Cloud Speed Test  04/22/2014 03:23 PDT

Please standby while your test is completed. This may take a while depending on the number of tests to be run.

Speedtest finished

100%

© Network Latency Tests

Service Location | Time (secs) | #of Samples ‘ Min ms ‘ Max ms ‘ Std Dev ‘ Median ms i Avgms
Speedyrails VPS ON, CA 0.25 1 252 252 0% 252 252
Windows Azure CDN 0.06 1 61 61 0% 61 61
CacheFly CDN 0.05 1 51 51 0% 51 51
Edgecast CDN 0.05 1 47 47 0% 47 47
Limelight CDMN 0.05 1 46 46 0% 46 46
CDNMetworks CDN 0.05 1 46 46 0% 46 46
Level 3 CDN 0.05 1 45 45 0% 45 45
Edgecast CDN - Small Objects 0.05 1 45 45 0% 45 45
CDN77 0.05 1 45 45 0% 45 45
Internap CDN 0.04 1 42 42 0% 42 42
jsDelivr 0.04 1 41 41 0% 41 41
Rackspace Cloud CDN 0.04 1 K5 35 0% 35 35
Amazon CloudFront 0.04 1 35 35 0% 35 35
Akamai CODN 0.03 1 30 30 0% 30 30




Benchmarking: state of the art

(> Cloud Speed Test 0. *01.
Tests latency and throughput

of laaS-Providers, CDNs and

Please standby while your test is completed. This .

Speedtest finished Ob-
ject Stores
— 00—
© Network Latency Tests

Service Location | Time (secs) | #of Samples ‘ Min ms ‘ Max ms ‘ Std Dev ‘ Median ms + Avgms
Speedyrails VPS ON, CA 0.25 1 252 252 0% 252 252
Windows Azure CDN 0.06 1 61 61 0% 61 51
CacheFly CDN 0.05 1 51 51 0% 51 51
Edgecast CON 0.05 1 47 47 0% 47 47
Limelight CDNM 0.05 1 46 46 0% 46 46
CDMetworks CDN 0.05 1 46 46 0% 46 46
Level 3 CDN 0.05 1 45 45 0% 45 45
Edgecast CDN - Small Objects 0.05 1 45 45 0% 45 45
CDN77 0.05 1 45 45 0% 45 45
Internap CDN 0.04 1 42 42 0% 42 42
jsDelivr 0.04 1 41 41 0% 41 41
Rackspace Cloud CDN 0.04 1 35 35 0% 35 35
Amazon CloudFront 0.04 1 39 35 0% 35 35
Akamai CDN 0.03 1 30 30 0% 30 30




Benchmarking: state of the art
(€ FHarmony

(> Cloud Speed Test 0. *01.

Tests latency and throughput
Please standby while your test is completed. This . .
of laaS-Providers, CDNs and

Speedtest finished o
_ Object Stores

< Network Latency Tests
Service Location | Time (secs) | #of Samples ‘ Min ms ‘ Max ms ‘ Std Dev ‘ Median ms + Avgms
Speedyrails VPS ON, CA 0.25 1 252 252 0% 252 252
Windows Azure CDN 0.06 1 61 61 0% 61 61
CacheFly CDN 0.05 1 51 51 0% 51 51
Edgecast CDN 0.05 1 47 47 0% 47 47
Limelight CDMN 0.05 1 46 46 0% 46 46

Does not test: Cloud Databases

Amazon CloudFront 0.04 1 35 35 0% 35 35

Akamai CDN 0.03 1 30 30 0% 30 30







Vision
@ Harmony

|dea:
1. Periodically
launch clients

~ Client

B

M YCSB
¥ Client




Vision
@ Harmony

N Idea:

1A u YCSB . .

ACI[ent 1. Periodically
= Y launch clients

_ Client | ' - 2. Benchmark
' | Cloud DB
3. Publish results
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Vision

Harmony

System Availablity = Reads/s Writes/s Avg.Latency 95th perc. Plot
Latency

DynamoDB  99.9% 23411 34534 3.2ms 9 ms NS

RDS 99.8% 2342 2455 30 ms 80 ms i E

Azure Table  99.5% 22343 23442 12ms 20 ms TEmE

Google 99.5% 3000 2000 30 ms 300 ms T
DataStore s/
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Data (e.g. JSON)
Database Application Rich Client

(AngularJS, Backbone,
Ember.JS, etc.)

Single-Page Applications

(Rich Client, Smart Client)



ORESTES

REST o SE
Server

REST

Server

—_—— e = = = = = = = = = = = =

Rich Client

DB-Cluster Orestes :

7/
S L - g Low Latency



e o o o o o = = = = ==

ORESTES

REST
- Server
r—4 REST
¢ 'l Server
DB-Cluster Orestes
Cloud

______________________________

Cacheable

Database Objects

Web-
Caches

s

Low Latency

Rich Client



ORESTES

Cacheable
Database Objects

REST . SEEE ey
Server

Server

REST : Internet

e o o o o o = = = = ==

Rich Client

\ r Web- D~

Sl T - Caches Low Latency

Scalable
NoSQL DBs



ORESTES

Cacheable
Database Objects

| REST - SR ES
: Server ’
REST — Internet _¢
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NoSQL DBs REST APl and handles:
e Scaling
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* Transactions
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ORESTES: Components

Middleware:
Scalable REST API for aggregate-oriented
persistence, queries, schema management and
transactions.
Caching:
Consistent web caching of database objects for
read scalability and latency reduction.
Transactions:
Optimistic cache-aware transaction model.
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em.find(id)
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Caching

GET /db/posts/{id}

Dynamic Web App

100%

P(Cache-Hit) 50%
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Dynamic Web App

Cache-Hit: Return Object
Cache-Miss: Forward Request
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P(Cache-Hit) 50%
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it with caching information
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Scalability and Cache-Hits
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BFB: Bloom Filter Bounded Staleness
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BFB: Bloom Filter Bounded Staleness
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SCOT: Scalable

~— Begin Transaction

Cache-Aware Optimistic Transactions

@ REST-Server

i :
Bloom Filter

Cache | |

Reads ((CaER Writes | -

) Reads ache : = =
Client rites (2)» REST-Server (Hudden) ==
Cache : DB :

Commit; read- & write-set versions (} REST-Server 4Read all — TT__"

_J‘Commltted OR aborted + stale objects

©)

Writes (Publ
A rites (Public)

validation m prevent conflicting

Caching — Shorter transaction
duration — less aborts
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REST/HTTP

protocol meta data contains SLA

Orestes servers resolve mapping
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- m

Redis MongoDB dbdo
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application

Polyglot e
Persistence ’I‘

Results:
Article-Objects with Impression Count

Article Imp.
ID - Imp.
Title ID
MongoDB Redis Sorted Set

Speedup with PPM:
 50-1000%
* 66% performance of Varnish
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Cloud Evaluation of ORESTES

Amazon EC2 Ireland 165 ms EC2 USA

§ Client Machine —
Client Machine Orestes Versant

50

Server DB

Client achine
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120 - ~-Squid 3
=100 - ' :
s 80 ——Squid 3 patched
ig 60 - =<Microsoft TMG
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Orestes: Summary

Stateless Scale-out REST middleware for DBaaS
Generic Schema, Authentication, Multi-Tenancy, etc.

SCOT (Scalable Optimistic Cache-Aware Transactions):
Optimistic Database-indepdent ACID transactions

BFB (Bloom Filter Bounded Staleness):
Allows static caching with tunable consistency guarantee

PPM (Polyglot Persistence Mediator):
SLAs = appropriate database

2. YOrestes
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v
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» :
P Bagend  APIExplorer  Console  Data Explorer Documentation Q

orestes : Orestes Methods

crud : Create Read Update Delete (CRUD) Object Methods

Show/Hide  List Operations  Expand Operations | Raw

/db/{bucket} Create object

) /db/{bucket}/{oid} Get object
ﬂ Jdb/{bucketi/{oid} S roh =
/db/{bucket}/{oid} Deletes the object
schema : Object oriented methods Show/Hide | ListOperations = Expand Operations | Raw

\ /db/all_schemas Get all available class schemas

POST !dbfall_schemas Create new class schemas and patch existing class schemas

‘ m /db/all_schemas Replace all currently created schemas with the new ones

/db/all_schemas Remove all currently created schemas
388 /db/{bucket}/schema Get the class schema
B /db/{bucket}/schema Update the class schema

Implementation Notes
Modify the schema definition of the class by adding all missing fields

Response Class
Model

object
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Bagend  APIExplorer  Console  Data Explorer

P Execute | ¥ Clear Qutput

wvar =schema = [ {
"zlass" : "/db/Coffee",
"fields"™ : {
name" : "/db/ native.String",
"/db/ native.Integer",
"/db/ native.Boolean

"parent” : "/db/Coffes"
1
Pol:
wvar =schema = [ {
"zlass" : "/db/BassEvent",

{

"/db/ native.String",
"/db/Lang",

title™ : "/db/Lang",

"date™ : "/db/ native.DateTime",

"beginDate" : "/db/ native.Date",

"endDate"™ : "fdbf_ngzive.ta:e“,

"dateDescription” : "/db/Lang”,

"description" : "/db/Lang",

"media" : "/db/ native.String"

ecute or press F9 to run your script.

Initial” loaded.

Documentation Q,

© Bagend - Contact - Terms of Usage
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Bagend in Action

GET /app.html

db.find(Menu, 'main’
.done(...);

db.find(Page, 'hero')
BaQend
. db.query(Page, 'top3')

.done(...);

My Web App

Home Projects Services Downloads About Contact

Dynamic Web App

Cras justo odio, dapibus ac facilisis in, egestas eget quam. Fusce dapibus, tellus ac cursus commodo, tortor
mauris condimentum nibh, ut fermentum massa justo sit amet.

Get started today

Heading Heading Heading

Donec id elit non mi porta gravida at eget metus. Fusce Donec id elit non mi porta gravida at eget metus. Fusce Donec sed odio dui. Cras justo odio, dapibus ac facilisis
dapibus, tellus ac cursus commodo, tortor mauris dapibus, tellus ac cursus commodo, tortor mauris in, egestas eget quam. Vestibulum id ligula porta felis
condimentum nibh, ut fermentum massa justo sit amet condimentum nibh, ut fermentum massa justo sit amet euismod semper. Fusce dapibus, tellus ac cursus

fisus. Etiam porta sem malesuada magna mollis euismod.  risus. Etiam porta sem malesuada magna mollis euismod.  commodo, tortor mauris condimentum nibh, ut fermentum
Donec sed odio dul Donec sed odio dui massa

View details » View details » View details »



Bagend in Action

GET /app.html

db.find(Menu, 'main’
.done(...);

db.find(Page, 'hero')

Ba end .done(...);
. db.query(Page, 'top3')

' .done(...);

GET /img/pic005.jpg

GET /img/pic017.jpg
My Web App i [ '

GET /img/pic022.jpg

Home Projects Services Downloads About Contact

Dynamic Web App

Cras justo odio, dapibus ac facilisis in, egestas eget quam. Fusce dapibus, tellus ac cursus commodo, tortor
mauris condimentum nibh, ut fermentum massa justo sit amet.

Get started today

Heading Heading Heading

K
K
b

Donec id elit non mi porta gravida at eget metus. Fusce Donec id elit non mi porta gravida at eget metus. Fusce Donec sed odio dui. Cras justo odio, dapibus ac facilisis
dapibus, tellus ac cursus commodo, tortor mauris dapibus, tellus ac cursus commodo, tortor mauris in, egestas eget quam. Vestibulum id ligula porta felis
condimentum nibh, ut fermentum massa justo sit amet condimentum nibh, ut fermentum massa justo sit amet euismod semper. Fusce dapibus, tellus ac cursus

risus. Etiam porta sem malesuada magna mollis euismod risus. Etiam porta sem malesuada magna mollis euismod. commodo, tortor mauris condimentum nibh, ut fermentum
Donec sed odio dui. Donec sed odio dui massa.

View details » View details » View details »
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bagend.com

Bagend Home  Architecture Research Contact ~

BaQend

Build faster Apps faster.

Why? Latency

Contact the team

. T 126 2

days hours

mins Secs

O 4 O

Announcing the world's
fastest backend

Bagend is a Backend-as-a-Service for web and
mobile apps. It has a unique and previously
unreached mission: to make your apps load and
respond without perceptible delay - i.e. in 100
milliseconds or less.

s

More: Bagend.com
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Define your functional Define your non-functional
requirements requirements

Evaluate by:

1. Underyling DB 4. SlAs

2. Docs & books 5. Docs & books

3. Your own tests 6. Experience Reports

Managed Managed Managed Backend-as- Proprietary :
RDBMS NoSQL DB a-Service Serivce Object Store



Wrap-up

How to choose a cloud database:

Define your functional Define your non-functional
requirements requirements

Evaluate by:

1. Underyling DB 4. SlAs

2. Docs & books 5. Docs & books

3. Your own tests 6. Experience Reports

Try it

Managed Managed Managed Backend-as- Proprietary :
RDBMS NoSQL DB a-Service Serivce Object Store
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Book recommendations

Liang Zhao - Sherif Sakr

Wolfgang Lehner
Anna Liu - Athman Bouguettaya

Kai-Uwe Sattler

H N1 1At

 (Non-scientific) literature is rare
 Some books cover specific DBaaS and

cloud platforms

Cloud Database

i ' Development and / Developing Amazo!" -

Goqgle App Managéme"t Cloud Applications Amazon Web Services

Engine %// with Windows DynamoDB TMIES
b 474 % Azure Storage e DUMMZ

1 amaz
5 wobservices




Blogs
m(}NOSQL NoSQL Weekly

http://nosgl.mypopescu.com/ http://www.nosqglweekly.com/
.
ne
s Hacking, Distributed
DZone
http://www.dzone.com/mz/nosq| http://hackingdistributed.com/

High Scalability

http://www.dbms2.com/ http://highscalability.com/



Top Scientific Conferences

VLDB (Very Large Databases)

> &
SIGMOD (Special Interest Group on Management of Data) % o
Qo O
|CDE (International Conference on Data Engineering) o 8
> M
C| DR (Conference on Innovative Data Systems Research)
w,
SOCC (Symposium on Cloud Computing) % (é) T
f_f'
v umn
OSD'/SOSP (Operating Systems Design and 8 g ?y
Implementation/ Symposium on Operating System Principles) = 33 5
> v @
EuroSys Q




Top Scientific Conferences

Scalable Cloud Data Management
Workshop 2013

Co-located with the IEEE BigData Conference. Silicon Valley, October 6th 2013.

Call for Papers

This year probably in Washington D.C.

Learn more: scdm2013.com

SCDM 2013




Thank you. Queries?

Contact:

felix.gessert@bagend.com

Nttp://bagend.com
Nttp://orestes.info
Nttp://scdm2013.com
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