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Karlsruhe Institute of Technology (KIT) ﬂ(".

Largest European scientific institution
Main topics: Energy, Nanotechnology, Astrophysics, Engineering

Mission:

B Research ® Education ® |[nnovation

www.Kit.edu
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Engineering Mathematics and Computing Lab AT

Karlsruhe Institute of Technology

http://www.emcl.kit.edu/

m Interdisciplinary research focusing on innovation
m Scientific Computing, numerical optimization, simulation, High Performance Computing
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« Fundamentals

« Amazon Web Services

Cloud Management

Cloud Architecture

* Programming Models

Applications
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1. Fundamentals
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What is Cloud Computing ? A\‘(IT
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SIMPLY EXPLAINED — PART 17:
CLOUD COMPLTING
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Cloud Computing: Definition

© S o

“Building on compute and storage virtualization,
cloud computing provides scalable, network-centric,

Cloud
abstracted IT infrastructure, platforms, and applications Computing

Web-basierte dynamische IT Services
’ 2 Auflage

as on-demand services that are billed by consumption.’

C.Baun, M.Kunze, J.Nimis, S.Tai: Cloud Computing, Informatik im Fokus, Springer 2009-2011
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What are Services?

Comprehensive
View

Business View

Service =

Deliverable, vs. products
a Interactivity

@ Individuality

@ Immateriality

Service =
Competence-based acti-
vity to co-create value

means to ,transport” value

Joint value creation and ICT
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IT View

Service =
Web-based software
construct

SOA, interaction via Internet
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There are five essential

characteristics of cloud services
INIST]

[NIST]: http://csrc.nist.gov/groups/SNS/cloud-computing/
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Elastic Scalability

AT

Karlsruhe Institute of Technology

Introduction to Cloud Computing | Sousse Summer School 2012 | M.Kunze



13

On-demand Self-Service
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Ubiquitous Network Access
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Resource Pooling

AT

Karlsruhe Institute of Technology

Introduction to Cloud Computing | Sousse Summer School 2012 | M.Kunze



16

Measured Service
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Service Delivery Models

SaaS

Web Applications like
Google Apps, Salesforce etc.

Software as a Service

Em||&nhu||hlm” -
Service Community Commu ny Community
Service Service
/--- =] w PaaS
Development or execution

Platform as a Service environments like e.g.

Google App Engine, Windows Azure
/ EE AR /

laaS

Offerings like Google Storage,
Amazon Web Services etc.

m Boost all kinds of applications in enterprise and in science
= Legacy applications
= New cloud applications with advanced features
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Service Deployment Models

SE— :
Hybrid Cloud

Customer A Provider X

Private Public

Provider Y

- o Em Em Em o o o E oy,

Cloud Cloud
\ J Public
Y — - === Cloud
Customer B
Private
Cloud Provider Z
R
—
Customer C Public
Cloud
Private
Cloud
—

Private cloud: Customer and provider belong to the same organization
Public cloud: Customer and provider belong to different organizations
Hybrid cloud: Combination of private and public cloud

Community cloud: Stakeholders share resources to achieve common goal

Introduction to Cloud Computing | Sousse Summer School 2012 | M.Kunze



Cloud Computing: Conceptional View [NIST] QAT
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Characteristics
On- demand
self-Serwce

Broad
Rapid |
L Elast|0|ty atwork
Resource Measured
Service

Pooling

Delivery Models Deployment Models
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What are Resources ?

a In general
= Computing
= Data
= Network
= Humans (Social networks)

® In scientific environments this translates to
® High Performance Computing (HPC)
® High Throughput Computing (HTC)
® High Speed Networking
® Virtual Organizations (VO)

Introduction to Cloud Computing | Sousse Summer School 2012 | M.Kunze
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Problem: Efficient Use of Resources ﬂ(".

Karlsruhe Institute of Technology

m Concurrent use by various customers (tenants) and scheduling systems
m Varying requirements wrt. operating system, software, hardware, etc.
u Unpredictable load
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Resource Demand and Provisioning (1) A\‘(IT

stitute of Technology

F
On and Off Fast Growth

N\

Variable peaks

Predictable peaks

m How accurately can we do the resource planning to follow demand?
m Fixed cost (red) versus variable cost (blue)

Introduction to Cloud Computing | Sousse Summer School 2012 | M.Kunze



Resource Demand and Provisioning (2) ﬂ(".
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==

Fast Growth

On and Off

Variable peaks f

Predictable peaks

CUSTOMER DISSATISFACTION
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Resource Demand and Provisioning (3) ﬂ(".
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Fast Growth

On and Off

Variable peaks Predictable peaks

m Cloud computing matches resource demand and provisioning
m Cloud computing solves the resource provisioning problem
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Multi-Tenancy and Partitioning

a Multi-Tenancy

= Isolation of workloads

s Separation of customers

m Customers gain administrative privileges
m Partitioning of Resources

m Classical solution: Separation of servers
=> Physical Resource Sets (PRS)

m Cloud solution: Separation of services
=> Virtual Resource Sets (VRS)
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Virtualization A\‘(IT
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m Virtualization is a technique that separates the operating system
from the physical computer hardware, and interposes a layer of

controlling software (hypervisor) between the hardware and
operating system.

m Different types of virtualization systems (from Goldberg)

m Type 1: hypervisor between “bare metal” and guest operating system
Examples: VMware, Xen, KVM

m Type 2: hypervisor between host operating system and guest operating
systems

Examples: Virtual Box, VMware Workstation, Parallels for Mac
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Virtual Machine (VM)

Source: VMware
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Use virtual rather than physical
resources

Abstract view rather than
physical view on infrastructure

Hypervisor = control program
Partitioning

= Resource pooling

s Multiple OS on single server
Isolation

= No side effects between VMs
Encapsulation

a Store VMs together with VM
configuration in a file
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Type 1: Xen
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Source: libvirt.org

m First hypervisor being integrated into the Linux kernel (2003)

28
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Uses paravirtualization: Guest OS runs a modified operating system to
interact with hypervisor and kernel

Host OS runs as Domain0O
Guest OS runs as DomainU



Type 1: Kernel Virtual Machine (KVM) A\‘(IT
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SPM Role Host Agent (VDSM)

libvirt

Hardware
gemu

Guest Agent SPICE Driver o

Guest Operating System

Source: redhat.com

m Virtual machine runs as a regular process (Unmodified OS)
m Resource management with OS tools
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Type 2: VMware Workstation (Fusion) AT
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m Concurrent use of Linux on Windows, or Windows on Mac OS X
a VMware Player (free): Allows to run virtual machine images
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Virtual Desktop (Thin Client, Green PC) A\‘(IT
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m Application area
= Virtualization of desktop PCs
= Virtualization of PC Pools

m Operating system runs in the virtual infrastructure
or in the cloud

a ,Look and Feel“ of a normal PC,
but: cool and quiet!

m Reduced TCO in comparison to unmanaged

PC (Factor 3-4); Fraunhofer study:
http://it.umsicht.fraunhofer.de/PCvsTC

m Improved environmental performance
a Central management

u Improved security: Data are always stored
in the data center

u Improved energy balance;
Replacement of 1000 PCs reduces power
consumption by 50-100 kW!

m New: Google ChromeBox/ChomeBook -
= Cloud Desktop Gchrome

Introduction to Cloud Computing | Sousse Summer School 2012 | M.Kunze




Virtualization Tools A\‘(IT
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m Additional mechanisms in Linux
w Libvirt / virtio
= Library and utilities for virtualization systems interoperability

= Brctl
= Linux virtual network bridge control package

s Cgroups
m Linux feature for controlling resource use of processes
m Network virtualization
= Virtual LANs (VLANS) are best, but need to be configured in switches

s OpenFlow simplifies network management and makes it scalable.
http://www.openflow.org

32 Introduction to Cloud Computing | Sousse Summer School 2012 | M.Kunze



Is Virtualization already Cloud Computing? A\‘(IT
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m No, there are some missing aspects:
s Business models (Accounting, billing)
u Self-service
= Scalability (“Unlimited resources”)
= Accessibility over Internet (Web services)

m Virtualization is an enabling technology for Cloud Computing
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2. Amazon Web Services
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Amazon Web Services (AWS)

Your Applications

Management & Administration

Identity & Access o
AWS 1AM Web Interface Monitoring
Identity Federation Management Console Amazon CloudWatch

Consolidated Billing

Application Platform Services

Content Messaging Parallel
Distributio Amazon SNS Processi

Istripution Amazon SQS I’_ ing
Amazon CloudFront Amazon SES Elastic MapReduce

c ¢ Database

ompute Amazon RDS
Amazon S3 .

Amazon EC2 Amazon EBS Amazon SimpleDB

Auto Scale Amazon StorageGatewa Amazon ElastiCache
9 Y Amazon DynamoDB

Storage

Availability Zones

Regions
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Deployment &

Automation

AWS Elastic Beanstalk
AWS CloudFormation

Simple Workflow Service

Libraries & SDKs
Java, PHP, Python,
Ruby, NET

Networking
Amazon VPC
Elastic Load Balancing
Amazon Route 53
AWS Direct Connect

Edge Locations Source:
Amazon
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AWS Regions and Availability Zones
/P US East (Northern Virginia) ’3\ /f EU (Ireland) ,\\ /ff Asia Pacific (Tokyo) N [/ . US West (Oregon) \\

Availability
Zone B

Availability
Zone A

Availability
Zone B

Availability
Zone A

Availability Availability
Zone A Zone B

Availability Availability
Zone A Zone B

Availability
Zone C

Availability
Zone C

US West (Northern California) " Asia Pacific (Singapore) AWS GovCloud (US) ‘ South America (Sao Paulo)

Availability Availability Availability Availability Availability Availability Availability Availability
Zone A Zone B Zone A Zone B Zone A Zone B Zone A Zone B

Data Reside
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AWS Elastic Compute Cloud (EC2) A\‘(IT

a Amazon Elastic Compute Cloud (Amazon EC2) is a web service
that provides resizable compute capacity in the cloud. It is
designed to make web-scale computing easier for developers.

m Features

Virtual machines running Windows or Linux

Full Windows admin or Linux root privileges

Ephemeral storage, Elastic Block Storage and SSDs

Instance types ranging from t1.micro to cc2.8xlarge
m 2 Intel Xeon ES-2670

“Sandy Bridge” Architecture

16 cores w/ HT

60.5 GB RAM

3.4 TB disk
= HVM

= High performance instances have 10 Gigabit full bisection networking
bandwidth

Introduction to Cloud Computing | Sousse Summer School 2012 | M.Kunze
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EC2 Instance Types

Hi-Mem 4XL 68.4 GB
26 ECUs
8 virtual cores

B

Cluster Compute 8XL 60.5 GB
88 ECUs

Hi-Mem 2XL 34.2 GB
13 ECUs
4 virtual cores

iy Cluster Compute 4XL 23 GB
33.5 ECUs
Hi-Mem XL 17.1 GB g

6.5 ECUs O Standard
. 2 virtual cores
0 Cluster GPU 4XL 22 GB
O Extra Large 15 GB 33.5 ECUs 2 Micro
— 8 ECUs 8 Nehalem virtual cores
- 4 virtual cores 2 x NVIDIA Tesla “"Fermi” Hich Mem
O M2050 GPUs  High Memory
=
@ O High CPU
< Large 7.5 GB ; High-CPU XL 7 GB ‘
4 ECUs 20 ECUs @ Cluster Compute
2 virtual cores 8 virtual cores
i 74
Small 1.7 GB, ;‘;‘é':,’;" i
1 ECU 1 virtual cores
1 virtual core

High-CPU Med 1.7 GB

Micro 613 MB | 5 ECUs
. Up to 2 ECUs (for 2 virtual cores
short bursts)

EC2 Compute Units (ECUs)

Source: aws.amazon.com
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EC2 Prizing Models

On-Demand

Reserved Instances
= Light

» Moderate

a Heavy

Spot
Dedicated Instances

It is possible to get 12.7 Teraflops for less than $35/hour !

Introduction to Cloud Computing | Sousse Summer School 2012 | M.Kunze
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AWS: Simple Storage Service (S3) A\‘(IT
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m Amazon S3 is storage for the Internet. It is designed to make web-
scale computing easier for developers. Amazon S3 provides a simple
web services interface that can be used to store and retrieve any
amount of data, at any time, from anywhere on the web. It gives any
developer access to the same highly scalable, reliable, secure, fast,
inexpensive infrastructure that Amazon uses to run its own global
network of web sites. The service aims to maximize benefits of scale
and to pass those benefits on to developers.

u Features
m Distributed, replicated object store
m Objects are stored in “Buckets”
= Buckets are stored in an AWS region and replicated across AZs

= Store anything...pictures, XML docs, encrypted blobs
s 99.999999999% durability

m Actual status: ~1 trillion objects and > 700,000 requests/second
s AWS Import/Export Service

= AWS Storage Gateway

40 Introduction to Cloud Computing | Sousse Summer School 2012 | M.Kunze
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Objects in S3

1000.000

1 T_riIIion

750.000

500.000

250.000

0.000
A %
S S D
v % x
o o o
750k+ peak transactions per second

O Q
Q N
q,Q

Source: aws.amazon.com
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AWS: S3 Namespace

Amazon S3

bucket T bucket
“objoct [ object R obiect | obiect.

e
" ovject N obiect
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AWS: S3 Namespace ﬂ(".

| Amazon S3 ‘

mculverimg.s3.amazonaws Il 1,cket234.s3.amazonaws.

com
I —
Beach.jpg @ 2005/party/hat.jpg

eorg.de -> eorg.de.s3.amazonaws.com
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AWS: S3 Pricing

Storage Pricing

Region: [ US Standard

)

First 1 TB / month
Next 49 TB / month
Next 450 TB / month
Next 500 TB / month
Next 4000 TB / month
Over 5000 TB / month

Standard Storage

$0.125 per GB
$0.110 per GB
$0.095 per GB
$0.090 per GB
$0.080 per GB
$0.055 per GB

Reduced Redundancy Storage

$0.093 per GB
$0.083 per GB
$0.073 per GB
$0.063 per GB
$0.053 per GB
$0.037 per GB

Request Pricing

Region: [ US Standard

4r
h—

Pricing
PUT, COPY, POST, or LIST Requests $0.01 per 1,000 requests
GET and all other Requests t $0.01 per 10,000 requests

t No charge for delete requests

44 Introduction to Cloud Computing | Sousse Summer School 2012 | M.Kunze
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AWS: S3 Pricing

Data Transfer Pricing

Region: [ US Standard

<>
_

Data Transfer IN
All data transfer in
Data Transfer OUT

First 1 GB / month

Up to 10 TB / month

Next 40 TB / month

Next 100 TB / month

Next 350 TB / month

Next 524 TB / month

Next 4 PB / month
Greater than 5 PB / month

Introduction to Cloud Computing | Sousse Summer School 2012 | M.Kunze
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Pricing
$0.000 per GB

$0.000 per GB
$0.120 per GB
$0.090 per GB
$0.070 per GB
$0.050 per GB
Contact Us
Contact Us

Contact Us

Source: aws.amazon.com, 2012



AWS: Elastic Block Store (EBS) A\‘(IT

m Amazon Elastic Block Store (EBS) provides block level storage
volumes for use with Amazon EC2 instances. Amazon EBS
volumes are network-attached, and persist independently from
the life of an instance. Amazon EBS provides highly available,
highly reliable, predictable storage volumes that can be attached
to a running Amazon EC2 instance and exposed as a device
within the instance. Amazon EBS is particularly suited for
applications that require a database, file system, or access to raw
block level storage.

m Features
= Persistent data storage
m  Works like an unformatted storage device (like an USB disk drive)
m Can be dynamically mapped to EC2 instance
= Can take snapshots to conserve a specific status (backup)
m Pricing is the same as for S3
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AWS Glacier: Archive as a Service
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a Amazon Glacier is an extremely low-cost storage service that
provides secure and durable storage for data archiving and
backup. In order to keep costs low, Amazon Glacier is optimized
for data that is infrequently accessed and for which retrieval times
of several hours are suitable. With Amazon Glacier, customers
can reliably store large or small amounts of data for as little as

$0.01 per gigabyte per month, a significant savings compared to
on-premises solutions.

m Common Use Cases

Offsite enterprise information archiving
Archiving media assets

Archiving research and scientific data
Digital preservation

Magnetic tape replacement

Introduction to Cloud Computing | Sousse Summer School 2012 | M.Kunze
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Google Cloud Storage ﬂ(".

GOOg[Q cloud services

Home App Engine Storage Prediction Case Studies Biling FAQ

Google Cloud Storage — Store your data in Google’s
cloud

Google's advanced storage infrastructure makes it easy for companies to store and reliably access vast amounts of

business data.
Highly scalable Learn more
Store and manage an unlimited number of objects —~ up to five terabytes each. Getting started guide

Pricing and Terms

Flexible security and sharing Service level agreement

ACLs for individuals or groups simplify authentication and sharing for stored data. OAuth 2.0 support enhances FAQ
security and adds flexibility.

Fast data access

Google Storage provides quick and easy access to your data around the world, and offers hosting choices in highly
optimized data centers in multiple regions.

Reliable storage service

Google's proven storage and networking infrastructure provides data redundancy for added reliability. Our 3.8%
SLA helps ensure that your data is available when you need it.

APl is compatible to S3 (S3 may be regarded a de-facto standard)
http://www.google.com/enterprise/cloud/storage/

Introduction to Cloud Computing | Sousse Summer School 2012 | M.Kunze
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Google Cloud Storage

First0-1TB $0.12
Next 8TB $0.105
Next 80TB $0.095
Next 400TB $0.085
Additional Storage Contact us
Network
Monthly Usage Network (Egress) - Americas and EMEA* Network (Egress) - Asla-Pacific et et Rarat
(per GB) (per GB)
0-1TB $0.12 $0.21 Free
Next 8TB $0.11 $0.18
Next 80TB $0.08 $0.15
Additional Data Transfer Contact us
Requests

PUT, POST, GET bucket*, GET service*™ Requests GET, HEAD Requests

(per 1,000 requests/month) (per 10,000 requests/month)

$0.01 $0.01

m Pricing is almost compatible to S3 (a little bit cheaper than S3)
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AWS Database Services
Database Options

Introduction to Cloud Computing | Sousse Summer School 2012 | M.Kunze

Self-Managed Managed Databases
11 N (7 . 3
= o—
= - i=
Database Server Amazon Rel_aﬁonal Amazon
_ 0
e
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AWS Higher Level Services

/ Messaging \

Amazon Simple
Queue Service

message queue 10 Cioud

@rallel Processi&

Amazon Elastic
MapReduce

Reliable and highly scalable

AT
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/Libraries & SDKs\

Developer Centers
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AWS Deployment & Administration Services
/ Deployment \ / Monitoring \ / Automation \
AWS Amazon AWS Elastic

LLLL
“amazon
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3. Cloud Management
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AWS Management Console (1) ﬂ(".
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P

.l aws.amazon.com AWS  Products Developers | Community = Support | Account Welcome, Marcel Kunze Sign Out

Elastic Beanstalk S3 EC2 VPC  CloudWatch Elastic MapReduce CloudFront CloudFormation RDS | SNS

Objects and Folders

& Create Bucket | Actions v @ Upload | {4 Create Folder = Actions v o’ Refresh = @ Properties = (8 Transfers = @ Help
./ marcelkunze Name Size Last Modified M
4/ vorlesung-eu [£) cC-exercise02-aws-complete.doc 73 KB Tue Dec 21 20:54:15 GMT+100 2010
/ vorlesung-us [£] CC-exercise02-aws.doc 66 KB Tue Dec 21 20:54:13 GMT+100 2010

D CC-exercise02-aws.pdf 894.3 KB Tue Dec 21 20:53:37 GMT+100 2010
D CC-exercise02-rendering.pptx 788.3 KB Tue Dec 21 20:52:54 GMT+100 2010
D CC-exercise03-gae-complete.doc 66.5 KB Tue Dec 21 20:57:16 GMT+100 2010

: D CC-exercise03-gae.doc 71 KB Tue Dec 21 20:57:13 GMT+100 2010
[£) cC-exercise03-gae.pdf 848.1 KB Tue Dec 21 20:56:36 GMT+100 2010
D CC-exercise03-gae.pptx 248.3 KB Tue Dec 21 20:56:27 GMT+100 2010
input -- --
D input_g$folder$ 0 bytes Fri Mar 18 12:39:47 GMT+100 2011
(] output -- --
[:'] solutions-of-ex1.pdf 985.2 KB Tue Dec 21 20:52:20 GMT+100 2010
[ solutions-of-ex1.pptx 404.3 KB Tue Dec 21 20:52:02 GMT+100 2010
[] solutions-of-ex2.pdf 744.6 KB Tue Dec 21 20:55:54 GMT+100 2010 LL
D solutions-of-ex2.pptx 455.2 KB Tue Dec 21 20:55:41 GMT+100 2010 S
f‘ uebung.zip 174 KB Tue Dec 21 20:55:34 GMT+100 2010 v

a Management of virtual infrastructure
a https://console.aws.amazon.com/
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AWS Management Console (2)
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Elastic Beanstalk S3 EC2 VPC CloudWatch Elastic MapReduce | CloudFront CloudFormation RDS | SNS
Navigation ] My Instances
Region: i Launch Instance [[3 show/Hide | & Refresh | & Help
— ——
= US East (Virginia) Viewing: | All Instances I+][ All Instance Types 9 1€ £ 1 to 4 of 4 Instonces. O >l
> EC2 Dashboard Name * Instance AMI ID Root Device Type Status Security Groups  Key Pair Name Monitoring
INSTANCES 0 @ i-407f112d ami-2272864b ebs t1.micro () stopped  default kunze basic
> Instances O il i-aebBd6c3 | ami-2272864b ebs t1.micro () stopped  default kunze basic
> Spot Raquests = @ i-2cb98d43 ami-e4a3578d ebs t1.micro () terminatec default mykey basic
> Reserved Instances — -
O il -08ac9867 = ami-e4a3578d ebs t1.micro () running default mykey basic

IMAGES
> AMIs
> Bundle Tasks

ELASTIC BLOCK STORE
> Volumes
> Snapshots

NETWORKING & SECURITY
> Security Groups

> Elastic IPs

> Placement Groups

> Load Balancers

> Key Pairs

0 EC2 Instances selected

Select an instance above

a Management of EC2 instances

55
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AWS Management Console (3)

Elastic Beanstalk S3

VPC CloudWatch | Elastic MapReduce | CloudFront | CloudFormation RDS |SNS

AT
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Region:
= US East (Virginia) v

> EC2 Dashboard

INSTANCES

> Instances

> Spot Requests

> Reserved Instances

IMAGES
> AMIs
> Bundle Tasks

ELASTIC BLOCK STORE
> Volumes
> Snapshots

NETWORKING & SECURITY
> Security Groups

> Elastic IPs

> Placement Groups

> Load Balancers

> Key Pairs

h‘m gal '.i _ Amazon Machine Images

Owned By Me
. All Images
Vhwlnf All Platforms o#:]
1 Public Images I
! Private Images

gister New AMI

Source

o — amazon/ElasticBeanstalk-Tomcat6-64bit-20110322-2041
Instance-Store Images

O 32'bft ec2-public-windows-images/SqlSvrStd2003r2-x86_64-Win-v1.07.manife
@) 64-b|,t o anm amazon/ElasticBeanstalk-Tomcat6-32bit-20110203-1551
O é—j ami-064cac6f = ec2-paid-ibm-images/ibm-tivoli-itm-06.21.03.00-32b-600.manifest.xml
@) @ ami-08728661 = amazon/amzn-ami-0.9.9-beta.i386-ebs
O @ ami-0aBa7863  amazon/Windows-2008R2-SP1-MultiLang-SQLExpress-v101
@) @ ami-0af30663  amazon/amzn-ami-0.9.7-beta.x86_64-ebs

@ ami-0eBa7867 = amazon/Windows-2008R2-SP1-MultiLang-SQLStandard-v101
O @ ami-1000e279  ec2-paid-ibm-images/websphere-application-server-7.0.0.7-32bit. manife
O @ ami-100fff79 amazon/ElasticBeanstalk-Tomcat6-64bit-20110203-1556
O @ ami-1051b379  ec2-paid-ibm-images-ids/ibm-ids-workgroup-11.5-v202-1.manifest.xml
o @ ami-11ca2d78 = aws-toolkit-for-eclipse-amis-us/tomcat-v1.0.0.manifest.xml
@) @ ami-14c6317d ~ amazon/Elastic Mapreduce HVM AMI 2010-11-09-12

0 EC2 Amazon Machine Images selected

Select an image above

a Management of Amazon Machine Images (AMI)
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Owner

amazon
amazon
amazon
amazon
amazon
amazon
amazon
amazon
amazon
amazon
amazon
amazon

amazon

(15 Show/Hide

1<

) Refresh | @ Help

1 to 50 of 179 AMIs > >I

Visibility Status
Public ) availg
Public () availg
Public () availg
Public () availe
Public () availe
Public ) availe
Public ) availe
Public () availe
Public () availe
Public () availe
Public () availe
Public ) availe
Private 2 availet



AWS Management Console (4)

Elastic Beanstalk S3 EC2 VPC

CloudWatch | Elastic MapReduce CloudFront CloudFormation RDS

SNS

AT

Karlsruhe Institute of Technology

EBS Volumes

Region: © 2 Create Volume

= US East (Virginia) v

—

Viewing: | All Volumes )

> EC2 Dashboard Name * Volume ID

M »
INSTANCES = P vol-a59366cd
> Instances =] & vol-21f30649
> Spot Requests 0  vol-932aebf8
> Reserved Instances
IMAGES
> AMIs

> Bundle Tasks

ELASTIC BLOCK STORE
> Volumes
> Snapshots

NETWORKING & SECURITY
> Security Groups

> Elastic IPs

> Placement Groups

> Load Balancers

> Key Pairs
Y 0 EC2 Instances selected

Select an instance above

Capacity
10 GiB
10 GiB
15 GiB

Snapshot
snap-8926ffe3
snap-8926ffe3
snap-20aaab4b

Created

2010-11-18 19:03 GMT+0100
2010-11-18 20:53 GMT+0100
2011-05-01 16:20 GMT+0200

m Storage management (Elastic Block Store)
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Zone

us-east-1d
us-east-1d

us-east-1d

(13 Show/Hide

1€ £
Status
) in-use
) in-use

) in-use

2 Refresh | @ Help

1 to 3 of 3 Items ’
Attachment Informz
i-407f112d:/dev/sda1
i-aeb8d6c¢3:/dev/sda’

i-08ac9867:/dev/sda’



AWS Management Console (5) ﬂ(“.

Karlsruhe Institute of Technology

Elastic Beanstalk S3 EC2 VPC CloudWatch | Elastic MapReduce | CloudFront | CloudFormation RDS | SNS

e esionrn B ios ae Addraccac
F D ddresse:

Region: @ Allocate New Address <@ Associate Address | U Disassociate Address [[3 showHide | ' Refresh | & Help
= US East (Virginia) v ( <
Viewing: | EC2 Addresses | v] 4 £ oo e e >
> EC2 Dashboard Address Instance ID Scope Public DNS
INSTANCES ™ 50.19.107.39 i-08ac9867 standard ec2-184-73-88-192.compute-1.amazonaws.com

> Instances
> Spot Requests
> Reserved Instances

IMAGES
> AMIs
> Bundle Tasks

ELASTIC BLOCK STORE
> Volumes
> Snapshots

NETWORKING & SECURITY
> Security Groups

> Elastic IPs

> Placement Groups

> Load Balancers

> Key Pairs
1 Address selected @

@ Address: 50.19.107.39 3

a Management of public IP adresses: Elastic IP
a Dynamic allocation to EC2 instances
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AWS Management Console (6) ﬂ(“.

Karlsruhe Institute of Technology

Elastic Beanstalk S3 EC2 VPC CloudWatch Elastic MapReduce | CloudFront CloudFormation RDS | SNS

Region: B Create Key Pair [} show/Hide (i Refresh @ Help

= US East (Virginia
= (Virginia) v Viewing: [ All Key Pairs 1+ © % 1toaofalems 7 7

> EC2 Dashboard Key Pair Name Fingerprint

INSTANCES O ® kunze 3a:a7:be:0c:57:6¢:75:63:23:83:02:68:f0:70:ec:27:95:¢f:03:23
> Instances O % mykey 17:b0:65:2a:dc:ab:ae:02:71:c4:0f:95:05:6e:a1:97:5f:3d:0a:3b
> Spot Requests O W testus b0:29:bc:53:f3:49:7a:80:9f:0f:b0:5¢:fe:3b:43:f4:14:99:2:03
> Reserved Instances

O ® vorlesung-us ca:05:d2:01:48:c6:51:6a:d4:5d:65:3a:61:78:48:a6:35:5f:13:cc
IMAGES
> AMIs

> Bundle Tasks

ELASTIC BLOCK STORE
> Volumes
> Snapshots

NETWORKING & SECURITY
> Security Groups

> Elastic IPs

> Placement Groups

> Load Balancers

> Key Pairs .
0 Key Pairs selected

Select a key pair above to view information about it here

m Management of key pairs (Privileged access via SSH/RDP)
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AWS

AWS Management Console (7)

—
Amazon

IMAGES
> AMIs
> Bundle Tasks

ELASTIC BLOCK STORE
> Volumes
> Snapshots

NETWORKING & SECURITY
> Security Groups

> Elastic IPs

> Placement Groups

> Load Balancers

> Key Pairs

AT

Karlsruhe Institute of Technology

Master group for Elastic MapReduce

. | Details Inbound

Amazon Amazon || Amazon Amazon ‘ Amazon AWS Amazon || Amazon
Elastic Beanstalk [ s3 | EC2 ‘VPC I CloudWatch Elastic MapReduce ‘ CloudFront “ CloudFormation “ RDS | SNS ‘
'Navlgatlon ' 'Security Groups
Region: W Create Security Group || 3§ Delete | [13 ShowiHide || i Refresh | @ Help
(= US East (Virginia) ~ | _ = - -
| | Viewing: | EC2 Security Groups |+ 1€ <£ 1t 4 of 4 Thems >
> EC2 Dashboard Name VPCID Description
INSTANCES O (& appscale appscale
> Instances 0 () ElasticMapReduce-slave Slave group for Elastic MapReduce
> Spot Requests ™ ) default default group
> Reserved Instances 12
) (» ElasticMapReduce-maste [v]

Create a
new rule:

Port range:

Source:

[ Custom TCP rule

(e.g., 80 or 49152-65535)

sg-c1c82da8 (default)

0.0.0.0/0

(e.g., 192.168.2.0/24, sg-47ad482e, or

1234567890/default)

Apply Rule Changesl

0 - 65535

22 (SSH)

80 (HTTP)

3389 (RDP)
UDP

Port (Service)

sg-c1c82da8 (default)
0.0.0.0/0
0.0.0.0/0
0.0.0.0/0

Delete
Delete

sg-c1c82da8 (default)

Delete

Fal»(

m Security Groups: Administration of firewall rules
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AT

Browser Plugin: ElasticFox

=

| 800 Elasticfox

us-east-1 . AWS
Elastic IPs =~ Volumes and Snapshots = Bundle Tasks  Reserved Instances  Virtual Private Clouds

Security Groups VPN Connections = Ava

eu-west-1
us-west-1
Your Ins ap-southeast-1

O O, Z
Reservation ID Instance ID AMI AKI ARI VPC  Sub... State Public DNS  Private DNS  Private IP  Key Groups Reason Idx Type Local Launch... Availability... Root Device Type¢
r-0d7fc467 5211...i-889d04... a... a.. ar.. running ec2-50-16... ip-10-195-... 10.195.2... kunze default 0 tlmicro 2010-12-21... us-east-1d ebs
r-039a2069 5211...i-3289115f a... a running ec2-184-7... ip-10-112-... 10.112.5... kunze default 0 tl.micro 2010-12-21 ... us-east-1d ebs
r-19b53973  5211.i-407f112d a.. a... stopped | kunze default Userin.. 0 tlmicro 2010-11-19 ... us-east-1d ebs
r-fl6led9b  5211... i-aeb8d6c3 a... a - kunze default Userin.. 0 tl.micro 2010-11-21... us-east-1d ebs

m ElasticFox FireFox Plugin
a Download at http://aws.amazon.com/developertools/609
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62

Browser Plugin: S3Fox ﬂ(".

Karlsruhe Institute of Technology

- 0O o S3kox Urganizer (5]
op Q 8 o ‘ | chrome://s3fox/content/html/host.htm {}v ) *3-( Google Q)

@Manage Accounts ) [ AWS |4 Synchronize Folders  AWS Import/Export  Preferences

[Users/marcel/VorlesungWS2010/Exercises Browse @ E’ 5] D /cloudvorlesung/ E j 5] @
‘FileName A File Size(XB) Modified Time B ‘FileName ~ AFile Size(XB) Upload Time B
muebung.zip 179 11/10/2010 03:26 PM == solutions-of-ex1.pptx 415 12/21/2010 09:52 PM
<= solutions-of-ex2.pptx 467 11/30/2010 01:46 PM -_jsolutions-of-exl.pdf 1009 12/21/2010 09:52 PM
',isolutions—of—exz.pdf 763 11/30/2010 04:43 PM -~ CC-exercise02-rendering.... 808 12/21/2010 09:52 PM

-~ CC-exercise03-gae.pptx 255 11/30/2010 02:28 PM 1 4 Z‘rcc-exerciseoz-aws.pdf 916 12/21/2010 09:53 PM
“ZCC-exercise03-gae.pdf ~ 869 11/30/2010 08:48 AM [7)cC-exercise02-aws.doc 68 12/21/2010 09:54 PM
[7)cC-exercise03-gae.doc 73 11/29/2010 05:23 PM @ v i |[7)cC-exercise02-aws-comp... 75 12/21/2010 09:54 PM
[7cC-exercise03-gae-co... 69 12/15/2010 10:44 AM @ 4

4 »

Current Tasks: -~ | Regular Transfer | Synchronized Folders Transfer = Log !

9 Clear [ Pause V7 Clear Completed 0 Retry Failed Tasks

‘ File Name From To Type Progress Status B

A == solutions-of-ex1.pptx /Users/marcel/Vorlesu... /cloudvorlesung/ 4{*Upload (100%) [T W Completed

_ Esolu(ions-of-exl.pdf /Users/marcel/Vorlesu... /cloudvorlesung/ {MUpload (100%) [ W Completed

i == CC-exercise02-renderin... /Users/marcel/Vorlesu... /cloudvorlesung/ {MUpload (100%) [ W Completed

: T CC-exercise02-aws.pdf  /Users/marcel/Vorlesu... /cloudvorlesung/ {*Upload (100%) [ W Completed

g [T cc-exercise02-aws.doc  fUsers/marcel/Vorlesu... /cloudvorlesung/ {*Upload (100%) [ W Completed
[7cc-exercise02-aws-co... [Users/marcel/Vorlesu... /cloudvorlesung/ {*Upload (100%) [ W Completed N
E]uebung.zip /Users/marcel/Vorlesu... /cloudvorlesung/ {MUpload (100%) [T W Completed :
Liienlutinnc-nf-ax? anty  [licare lmarcal Alarlasy — ielaudunacdasunal — Dlinlaad @30 1 @, ina

Cavelim e Av -

S3Fox FireFox Plugin
Download at htip://www.s3fox.net/
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Access Control Lists (ACL)

DO S3Fox Organizer

AT

Karlsruhe Institute of Technology

chrome://s3fox/content/html/host.htm

Manage ACLs for ‘cavity2d.mpg’

User Name Read Write FullControl

Everyone 4 X
Authenticated Users b4 b4
v ¥

marcel6031(Owner)

[ Share v] [ Remove User] ) Apply to subfolders

With Email Address
With User ID ok | [ Ccancel |

m Define access rights: Read, write, fullcontrol
m Add specific users with e-mail or user ID
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AWSManager

Welcome to iIAWSManager.

lAWSManager is an IPhone Application to manage your Amazon Web Services.You can manage Your Amazon EC2 S3 CloudFront SQS SDB
resources from your IPhone and IPod Touch.

Main Features

« EC2:

Manage Instance operations (Launch, Terminate, Reboot,Console,Assign elastic [P, Attach/Detach Volume)
Manage ElasticIP,Security Groups,Key pairs
Create Volumes

Create snapshots from volumes

Manage your EC2 Iinstances in all Reglons
Search Avallable EC2 images

Color coded server status messages
Start/Stop Servers

Cloud watch Monitoring

Elastic load balancers support

¢ © © & & 0 0 & ¢ o
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KOALA Cloud Manager ﬂ("'

http://koalacloud.appspot.com stitute of Technology

—=>, Eucalyptus
7/ I Systems

amazon
webservices”

“Cloud Architecture”

m Mobile management of hybrid cloud resources as SaaS solution running
on PaaS on top of an laaS (In any combination with various providers!)

ma Christian Baun, Marcel Kunze, Viktor Mauch: The KOALA Cloud Manager:
Cloud Service Management the Easy Way. IEEE CLOUD 2011: 744-745
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Cloud Service: KOALA

http://koalacloud.appspot.com - http://code.google.com/p/koalacloud

KOALA Cloud Manager

AT

Karlsruhe Institute of Technology

Logout

Region: Amazon (us-east-1)

Regions | Instances | Images | Keys | EBS | Snapshots | IPs | Zones | Grol{

®3@®

Reservation:

Private:
Public:
Date:

66

& | ¥
i-889d04e5 Status: running
r-0d7fc467 Image: ami-b420d7dd
t1.micro Kernel: aki-a3d737ca
ebs Ramdisk: ari-7cb95al5
default Owner: 521141848536

us-east-1d Keypair: kunze
ip-10-195-201-254 ec2.internal

ec2-50-16-106-195 compute-1.amazonaws.com

2010-12-21 15:07:11

& | ¥
i-3289115f Status: running
r-039a2069 Image: ami-4621d62f
t1.micro Kernel: aki-427d952b
ebs Ramdisk: None
default Owner: 521141848536
us-east-1d Keypair: kunze

ip-10-112-54-153 ec2.internal
ec2-184-72-190-207 compute-1 .amazonaws.com

2010-12-21 15:07:17

|

|

v Amazon EC2 (US East)
Amazon EC2 (US West)
Amazon EC2 (EU West)
Amazon EC2 (Asia Pacific)
GoogleStorage
SCC-Eucalyptus

switch to region

|

T
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4. Cloud Architecture
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N I ST Refe re n ce Arc h ite Ct u re Karlsruhe Institute of Technology

Cloud Provider
Cloud
Broker

Service
Intermediation

Service
Aggregation

Performance
Audit

"NIST Cloud Computing Reference Architecture, V1, March 30, 2011, p.4

http://collaborate.nist.gov/twiki-cloud-computing/pub/CloudComputing/ReferenceArchitectureTaxonomy/
NIST_CC_Reference Architecture_v1_March_30_2011.pdf
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NIST Reference Architecture: Roles

Cloud Consumer

6

SaaS
Consumer

Iz

Consumer

&

laaS
Consumer

Consumes
Services and
Applications

Consumes
Services for
Development,

Testing, etc.

Consumes
Services for
CPU, Storage,

etc.

Cloud Provider

Installs and g\Q \r
SaaS manages \
Applicati
pplications SaaS
Provider
Manages Cloud ﬁw L
Infrastructure and \
PaaS offers Tools
PaaS
Provider
@
Manages and NN
provides physical @\ﬁé/&ﬁz
laas Resources — =

laaS
Provider
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Cloud
Service
Developer
Devglops =
Business O A
Servlicesl and Q?\\\/ﬁ/ (/
Applications )
< | SaaS
Developer
Develops R\ 2
Services for @E\\\vf/
Development, —
Testing, etc.
PaaS
< | Develope
&
Develops LGP N
Services for @}\\\\f(/( )
CPU, Storage, )
etc.
< | laaS
Developern
Source: SAP
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NIST Cloud Service Management

Cloud Service Management

Business Support Provisioning Portability
IConfiguration linteroperability
Sk Data Portability
Rapid Provisioning
Copy Data To-From
Cloud Contract Mgmt
Consumers Resource Change Bulk Data Transfer
Inventory Mgmt Service
Monitoring Interoperability
& Reporting -
Accounting & Billing Unified
Management Interface
Metering System
“ Reporting & Auditing Portability
Cloud VM Images Migration
Brokers Pricing & Rating SLA Management
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Example: Software Cluster Architecture

?.ié Software-Cluster

( Smart Smart
Logistics Home Living
\ Portal Helpdesk
( Coordination Solution
Services Management
N N\
E-Mobility Address eVotin Peer Smart
Management 9 Interaction Living MP
S J O\
App-Store
Srv Type r -
Service Repository Semantic Image Open Data
Search (USDL etc) Search Search Service
> ) Reposito
Integration Engine J
( ( N [ )
Application Persistency Platform Social Data
Container Framework Composition Network Transformation
& & VAN J
( ( N (7 )
eSrv Hub Eve_nt Rules/Pr_o-
Services cess Engine
G & /L J
e ( N ( N\
Dynamic Plattform Virtualization Operations Sensors &
Provisioning Hosting Data Store Actuators
g / g g /
4 ( N\ N\
Storage Computing [ Network ] [ Backup } [ CPS Hub
g g / J

Emergence
Authentication & Identity Management

SLA
Monitoring

Billing
Security

Federation
Interoperability

BPaaS

SaaS

PaaS

laas
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Business
Models

Software
Services

Platform
Services

Infrastructure
Services

Source: SAP
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5. Programming Models
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amazon
webservices”

AWS

Browse By Category

Amazon CloudFront

Amazon Elastic Compute
Cloud

Amazon Elastic MapReduce

Amazon Fulfilment Web
Service

Amazon Mechanical Turk

Amazon Relational Database
Service

Amazon Route 53
Amazon SimpleDB

Amazon Simple Queue
Service

Amazon Simple Storage
Service

Developer Resources

m  AWS command line tools are useful for developers and admins
= Difficult to use for average customer
s Download from http://aws.amazon.com/developertools/351

73

Sign in to the AWS Management Console Create an AWS Account

Management Search: Developer Tools v

Products Developers Community Support Account

"I’ Amazon EC2 API Tools

Developer Tools >~ Amazon EC2 API Tools

The API tools serve as the client interface to the Amazon EC2 web service. Use these tools to register and launch
instances, manipulate security groups, and more.

Details

Submitted By: David@AWS
AWS Products Used: Other
Languages(s): Other
License: Other
Created On: August 23, 2006 9:00 PM GMT
Last Updated: December 15, 2010 4:52 PM GMT

Download

Download the Amazon EC2 API Tools from Amazon S3.
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amazon Amazon Elastic Compute Cloud (version 2011-02-28) v
webservices* Quick Reference Card (Page 1)

Instance Tools

ec2-run-instances (ec2run)

Launches one or more instances of the specified AMI.
ec2-run-instances ami_id [-n instance_count]
[-g group [-g group ...1]1 [-k keypair] [-d
user_data | -f user_data_file] [-t
instance_type] [-z availability zone] [--
kernel kernel_id] [--ramdisk ramdisk_id] [-b
block-device-mapping] [--monitor] [--disable-
api-termination] [--instance-initiated-
shutdown-behavior behavior] [--placement-group
placement_group] [--tenancy tenancy] [-s
subnet] [--private-ip-address ip_address]

ec2-terminate-instances (ec2kill)
Terminates the specified instance.
ec2-terminate-instances instance_id
[instance_id ...]

ec2-stop-instances (ec2stop)

Stops an instance (applies only to Amazon EBS-backed
instances).

ec2-stop-instances instance_id [instance_id ...]

ec2-start-instances (ec2start)

Starts a stopped instance (applies only to Amazon EBS-
backed instances).

ec2-start-instances instance_id [instance_id

ec2-monitor-instances (ec2min)
Enables monitoring for the specified instance.
ec2-monitor-instances instance-id [instance_id

-1

ec2-describe-instances (ec2din)
Lists the specified instances. If no instance is
specified, all your instances are listed.
ec2-describe-instances [instance_id ...]
[[--filter name=value] ...]

ec2-describe-instance-attribute
(ec2dinatt)

Describes an attribute for the specified instance.
ec2-describe-instance-attribute instance_id {
--block-device-mapping | --disable-api-

termination | --instance-initiated-shutdown-
behavior | --instance-type | --kernel | --
ramdisk | --root-device-name | --user-data }

ec2-unmonitor-instances (ec2umin)
Disables monitoring for the specified instance(s).
ec2-monitor-instances instance-id [instance_id

EC2 Elastic IP Address Tools

Amazon EBS Tools

ec2-create-volume (ec2addvol)

Creates an Amazon EBS volume from a snapshot or an
empty volume in the size you specify.
ec2-create-volume -z availability_zone

[-s size | --snapshot snapshot]

ec2-create-snapshot (ec2addsnap)

Creates a snapshot of an Amazon EBS volume and
stores it in Amazon S3.
ec2-create-snapshot volume_id

ec2-allocate-address (ec2allocaddr)
Acquires an EC2 Elastic IP address for use with your
account.

ec2-allocate-address

ec2-describe-addresses (ec2daddr)

Lists both EC2 and VPC Elastic IP addresses assigned to
your account.

ec2-describe-addresses [ip_address ...]

ec2-describe-volumes (ec2dvol)

Lists the specified Amazon EBS volumes. If no volume
is specified, all your volumes are listed.
ec2-describe-volumes [volume_id ...]
[[--filter name=value] ...]

ec2-describe-snapshots (ec2dsnap)

Lists the specified snapshots. If no snapshot is

specified, all your snapshots are listed.

ec2-describe-snapshots [snapshot_id ...]
[[--filter name=value] ...]

ec2-release-address (ec2reladdr)
Releases an EC2 Elastic IP address associated with your
account.

ec2-release-address ip_address

ec2-delete-volume (ec2delvol)
Deletes the specified Amazon EBS volume.
ec2-delete-volume volume_id

ec2-delete-snapshot (ec2delsnap)
Deletes the specified Amazon EBS snapshot.
ec2-delete-snapshot snapshot_id

ec2-attach-volume (ec2attvol)

Attaches an Amazon EBS volume to a running instance
and exposes it as the specified device. The volume
and instance must be in the same Availability Zone.
ec2-attach-volume volume_id -i instance_id

-d device

ec2-detach-volume (ec2detvol)
Detaches an Amazon EBS volume from an instance.

ec2-detach-volume volume_id [-i instance_id [-
d device]] [--force]

ec2-associate-address (ec2assocaddr)
Associates an EC2 Elastic IP address with an instance. If
the IP address is currently assigned to another instance,
the IP address is reassigned to the specified instance.
ec2-associate-address ip_address -i instance_id

ec2-disassociate-address (ec2disaddr)
Disassociates the specified EC2 Elastic IP address from
the instance to which it is assigned.

ec2-disassociate-address ip_address

http://awsdocs.s3.amazonaws.com/EC2/latest/ec2-grc.pdf

http://docs.amazonwebservices.com/AWSEC2/latest/GettingStartedGuide/
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AWS Quick Reference Card (c’td)

Image Tools

Key Pair Tools

Tagging Tools

ec2-describe-images (ec2dim)

Returns information about AMIs, AKIs, and ARIs. If no
parameter is specified, information about all images for
which you have launch permission is returned.
ec2-describe-images [ami_id ...] [--all]

[-0 owner ...] [-x user_id] [[--filter
name=value] ...]

ec2-create-keypair (ec2addkey)

Creates a new 2048-bit RSA key pair with the specified
name.

ec2-create-keypair key pair

ec2-create-image (ec2cim)

Creates an AMI that uses an Amazon EBS root device
from a running or stopped Amazon EBS-backed
instance.

ec2-create-image instance_id --name name

[ --description description] [ --no-reboot]

ec2-describe-keypairs (ec2dkey)

Lists the specified key pairs. If no key pair is specified,
all your key pairs are listed.

ec2-describe-keypairs [key_pair ...]

ec2-create-tags (ec2addtag)

Adds or overwrites one or more tags for the specified
resource or resources. Each tag consists of a key and
an optional value. Tag keys must be unique per
resource.

ec2-create-tags resource_id [resource_id ...]
--tag key[=value] [--tag key[=value] ...]

ec2-describe-image-attribute (ec2dimatt)
Describes an attribute for the specified AMI.
ec2-describe-image-attribute ami_id { --launch-

ec2-delete-keypair (ec2delkey)

Deletes the specified key pair by removing the public
key from Amazon EC2.

ec2-delete-keypair key_pair

ec2-delete-tags (ec2deltag)

Removes a set of tags from a set of resources. The
tag value is not required.

ec2-delete-tags resource_id [resource_id ...]
--tag key[=value] [--tag key[=value] ...]

ec2-import-keypair (ec2ikey)
Imports the public key for a key pair. You keep the
private key. The key pair works in all EC2 Regions.

ec2-describe-tags (ec2dtag)
Lists your tags. You can filter the list to return only

permission | --product-code | --block-device- =4 - ; 9P o N Ay tags you specify. .
mapping | --kernel | --ramdisk } iﬁelmport LGETRED L SRl =il eelar=ittiie ec2-describe-tags [[--filter name=value] ...]
ec2-register (ec2reg) EC2 Security Group Tools Other Tools

Registers the AMI specified in the manifest file and
generates a new AMI ID.
ec2-register manifest

Availability Zone Tools

ec2-create-group (ec2addgrp)

Creates a new EC2 security group. Group names must
be unique per account.

ec2-create-group group_name -d description

ec2-get-console-output (ec2gcons)
Retrieves console output for the specified instance.
ec2-get-console-output instance_id
[--raw-console-output]

ec2-describe-availability-zones (ec2daz)
Lists Availability Zones that are currently available to
your account.

ec2-describe-availability-zones [zone ...]

ec2-delete-group (ec2delgrp)
Deletes the specified EC2 security group.
ec2-delete-group ec2_group_name_or_id

Windows Tools

ec2-get-password (ec2gpass)

Retrieves and decrypts the administrator password for
the specified Windows instance.

ec2-get-password instance_id -k key_pair

ec2-describe-group (ec2dgrp)

Lists your EC2 and VPC security groups. If no security
group is specified, all your security groups are listed.
ec2-describe-group [ec2_group_name_or_id ... |
vpc_group_id ...] [[--filter name=value] ...]

ar?-hindla-inctanca far2hindla)

ec2-authorize (ec2auth)
Adds a rule to an EC2 security group.

ArY Andhardiaa ArD mrann nama am A
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This Amazon Elastic Compute Cloud Quick Reference
Card contains commonly used commands and
options. For complete reference information, see the
Amazon EC2 Command Line Reference at http://
aws.amazon.com/documentation/ec2/.
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Platform as a Service (Paa$S)

Programming Environment
Execution Environment

m The consumer controls the applications that run in the environment

(and possibly has some control over the hosting environment), but
does not control the operating system, hardware or network
infrastructure on which they are running.

m The platform is typically an application framework.

m Examples: 5}1
a Microsoft Windows Azure (http://www.windowsazure.com) Windows Azure
m Google App Engine (hitps://developers.google.com/appengine/) :

29
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What is Google App Engine ?

\

Karlsruhe In:

Platform as a Service

Scalable serving infrastructure
= Build web services to run on Google's infrastructure
s CPU and data store

Software Development Kit with Python, Java and Go runtime
m Let developers be developers, not sysadmins

m Forget about maintaining your own machines -
Google holds the pager so you don't have to

Web based admin console
= Run web analytics
= Pay only for what you use

Introduction to Cloud Computing | Sousse Summer School 2012 | M.Kunze
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App Engine History

arlsruhe Institute of Technology

200K+ Apps ,
100K+ Developers | WWW
1.5B+ Daily page views NM
i
W\N
wwWW il

—’/*”NMM

a & Task Re;:-lliigahtion Backends, @

Python Runtime Java Runtime Queues Datastore Pull Queues Go Runtime
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The Go Programming Language

m Go is a modern, general-purpose language
s Compiles to native machine code
= Statically typed
m Lightweight syntax
s Simple type system
s Concurrency primitives
s Cool mascot (the gopher)

m A "canonical language” at Google
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Go Language

@00 The Go Programming Language

[ « | >] l + ) http://golang.org/ ¢ \ (Q~ Google

& [J] #E  HLRS - GForge: Welcome My Start Page | Assembla DER SPIEGEL 2011 European C...Programmes Amazon eBay Wikipedia Apple Yahoo!

e Go P ar o

Try Go ” Go is an open source programming
_ environment that makes it easy to build
package main simple, reliable, and efficient software.

// fib returns a function that returns
// successive Fibonacci numbers.

func fib() func() int {
a, b:=9,1
return func() int {
a, b=Db, a+b @

return a

Download Go
Hello, World! . S - -

) ‘ Binary dnstnbutnqns available for
Peano Integers ‘ Run ’ ‘ Share Tour Linux, Mac OS X, Windows, and more.
Concurrent pi
Concurrent Prime Sieve
Peg Solitaire Solver
s [Comprisan Featured articles
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Get started with Go

a The Go Programming Language
s http://golang.org/ - homepage
s http://blog.golang.org/ - official blog

m A tour of Go - an interactive Go tutorial
a http://tour.golang.orqg/

m Go for App Engine
a http://code.google.com/appengine/docs/qo/

Introduction to Cloud Computing | Sousse Summer School 2012 | M.Kunze

AT

stitute of Technology



App Engine Services A\‘(IT

Datastore - structured, indexed data store
Blobstore - unstructured key/value store

Channel - push data from the server to the browser
Task Queues - process jobs asynchronously
Backends - long-running processes

a and many more!
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App Engine Architecture A\‘(IT

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

reqg/resp
statelefs APls R/OA FS
’ [ | )
urlfech K 5 Python ) | stdlib |
mail K .'> VM
| process
images [ S
S WD s e s ———— : —
stateful
APls ﬁ I
e.g. Channels, — Datastore
Task Queues, memcache Blobstore
Backend
8 S~ -
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Automatic Scaling to Application Needs A\‘(IT

m You don’t need to configure your resource needs
a One CPU can handle many requests per second
m Apps are hashed (really mapped) onto CPUs:

m One process per app, many apps per CPU

m Creating a new process is a matter of cloning a generic “model” process
and then loading the application code (in fact the clones are pre-created
and sit in a queue)

m The process hangs around to handle more requests (reuse)
m» Eventually old processes are killed (recycle)
a Busy apps (many QPS) get assigned to multiple CPUs

= This automatically adapts to the need
= as long as CPUs are available
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m App instances without request deadlines (Long-running processes)
m Varying instance sizes for different workloads (RAM+CPU)

B1 128MB 600MHz
B2 (default) 256MB 1.2GHz
B4 512MB 2.4GHz
B8 1024MB 4.8GHz

a Example uses:
= Memory-intensive tasks (Search index, game state, cache,...)
s Background processing (Report generation, indexing, data grooming,...)
m CPU-intensive tasks (Image manipulation, transcoding, scientific computing,

)
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Billable Quota Unit Cost

Resource

Outgoing Bandwidth
Incoming Bandwidth
CPU Time

Stored Data

High Replication Storage
Recipients Emailed
Always On
Backends (B1 class)
Backends (B2 class)
Backends (B4 class)

Backends (B8 class)

Introduction to Cloud Computing | Sousse Summer School 2012 | M.Kunze

Unit

gigabytes

gigabytes

CPU hours
gigabytes per month
gigabytes per month
recipients

N/A (daily)

Hourly per instance
Hourly per instance
Hourly per instance

Hourly per instance

Unit cost
$0.12
$0.10
$0.10
$0.15
$0.45
$0.0001
$0.30
$0.08
$0.16
$0.32

$0.64

AT
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m Free quota usage
corresponds to
approx. 5 million
page hits per month

a Max. daily budget
can be set

m Backend services
for long lasting jobs
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Software Development Tools

Visit other Eclipse Sites

Indigois Coming!

Join the Indigo 500 mw § Q & =@

- - Search
Home Downloads Users Members Committers Resources Projects About Us =)

@A;ﬂ@f EhE; |3 Get Started now...
E&ﬂ;ﬁ? UNIVENSCRS M,L—E‘d,w, Deownlo;:inclipse Q

B Like 13K
Py =
8 % © O e - -
« = » Plugins » Contribute
Enterprise Eclipse RT Eclipse SOA Pulsar Modeling Application Language
Java Frameworks IDEs » Documentation » Report a Bug
Announcements &l
2011/06/14  More DemoCamps: Munich, San Jose, Braunschweig, Darmstadt, Dresden, Jena, Y S -2
Toulouse, Budapest, Pune A ///-
The week of June 20 is a busy one for DemoCamps! Sign up now for Munich and San Jose (June 20);
Braunschweig, Darmstadt, and Dresden on June 21; Jena on June 22; Toulouse on June 23; Budapest and Pune Innovation through
on June 24,

2011/06/10  Results of the Eclipse Community Survey 2011
The results of the annual Eclipse Community Survey are now available.

2011/06/07 Indigo DemoCamps: Bonn, Toronto, Atlanta, Vienna, Munich, San Jose

There are lots of DemoCamps happening soon: Bonn and Toronto on June 14, Atlanta on June 16; Vienna on June

17, Munich and San Jose on June 20. Sign up now!

Collaboration

= Learn more about Jazz
and Rational Team Concert

m IDE = Integrated Development Environment
m Eclipse framework is very prominent: http://www.eclipse.org/
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e OO0 i| Java - KlimaSimuIationApp/src/de/clou;kitchen/klima/KIima.'ava - Eclipse - /Users/marcel/workspace
J
| Cv m v ©0 %0 | HG|®™S & | R o BN |0 |E-Foor - [ %5 Debug »
(18 Package E [ Project & New Web Application Pro;e.ct... 7 ' =5 « —— 23 =g
% Import Google Hosted Project... ‘chen. klima: W
i . H = ®
i GWT Compile Project... » €) KlimaSimulationGWTApp.html
é Profile Using Speed Tracer... Double-click to open a URL (or right-click for
» 7] AwsRend i . Er 9.: more options). Click the yellow 'Reload web
> i Awss;z e " o Deploy to App Engine... | server' button above after server-side code
’% A::qu::.' 2 Google Apps Marketplace... changes.
AwsCredentia ime,double TB,double TA,double R1,double R2,double http://127.0.0.1:61180/KlimaSimulationGW

P =), JRE System Libral

@ Add Google APIs...

b =, AWS SDK for Java [1.3.9)
» = AWSConsole
> b‘JCIoudVorIesung
> b"cuestbook
» =2 HelloWorld
> IFS
> bJKlimaSimulation
Vfl'pd KlimaSimulationApp
v (#src
¥ {1 de.cloudkitchen.klima
> [J] GegenwartServiet.java
> [J] Klima.java
> [J] KometServiet.java
> [J] TreibhausServlet.java
» (= META-INF
log4j.properties
P =, App Engine SDK [App Engine - 1.6.5
b = JRE System Library [JVM 1.6.0 (MacO
¥ (= war
¥ (2= WEB-INF
> = lib
|X] appengine-web.xml

[2) Innnina nranartiec

nume = wume ;

s = new Simulation(TB,TA,R1,R2,R3,T1,T2);

}
S public void berechne()
{
double t;
do
{
t = temperatur;
temperatur = s.iteration();
1
B Console 2 [Gx 61 E]&E % B~ 13- = O

KlimaSimulationApp [Web Application] /System/Library/Frameworks/JavaVM.framework/Versions
INFO: Logging to JettylLogger(null) via com.google.apphosting.utils.jetty.J¢
2012-05-15 06:55:23.365 java[19777:5f03] Unable to obtain JINIEnv for conte»
15.05.2012 04:55:23 com.google.apphosting.utils.config.AppEngineWebXmlRead¢
INFO: Successfully processed /Users/marcel/workspace/KlimaSimulationApp/war
15.05.2012 04:55:23 com.google.apphosting.utils.config.AbstractConfigXmlRec
INFO: Successfully processed /Users/marcel/workspace/KlimaSimulationApp/wat
15.05.2012 06:55:33 com.google.appengine.tools.development.DevAppServerImpl
INFO: The server is running at http://localhost:8000/

15.05.2012 06:55:35 com.google.appengine.tools.development.DevAppServerImpl
INFO: The admin console is running at http://localhost:8008/_ah/admin

J,’l marcel.kunze@googlemail.com J % o=

https://developers.

‘ Writable ’ Smart Insert ’ ol J

google.com/eclipse/
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6. Applications
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How to build scalable Applications ?

Rule 1: Service all web requests
Rule 2: Service requests as fast as possible

Rule 3: Handle requests at any scale

Rule 4: Simplify architecture with services

Rule 5: Automate operational management

Rule 6: Leverage unique cloud properties

Source: aws.amazon.com
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Best Practices |

1) Build the application as a service. Because you are deploying one or
more full virtual machines and because clouds are designed to host web
services, you want your application to support multiple users or, at least,
a sequence of multiple executions.

If you are not using the application, scale down the number of servers and
scale up with demand.

Attempting to deploy 100 VMs to run a program that executes for 10 minutes is
a waste of resources because the deployment may take more than 10 minutes.

To minimize start up time one needs to have services running continuously
ready to process the incoming demand.

2) Build on existing cloud deployments. For example use an existing
MapReduce deployment such as Hadoop or existing Roles and
Appliances (Images)

Source: G.Fox, IU
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Use PaaS if possible. For Platform-as-a-Service clouds use the tools
that are provided such as queues, and blob, table and SQL storage.

Design for failure. Applications that are services running forever will
experience failures. The cloud has mechanisms to automatically recover
lost resources, but the application needs to be designed to be fault
tolerant.

In particular, environments like MapReduce/Hadoop will automatically
recover many explicit failures and adopt scheduling strategies that recover
performance "failures" from for example delayed tasks.

One expects an increasing number of such platform features to be offered
by clouds and users will still need to program in a fashion that allows task
failures but be rewarded by environments that transparently cope with these

failures.

Source: G.Fox, IU
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Use “X as a Service” where possible. Capabilities such as
SQLaaS (database as a service or a database appliance) provide a
friendlier approach than the traditional non-cloud approach
exemplified by installing MySQL on the local disk.

Moving Data is a challenge. The general rule is that one should
move computation to the data, but if the only computational resource
available is a the cloud, you are stuck if the data is not also there.

Source: G.Fox, IU
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1) Transformation of Software Licenses to SaaS

Products & Services Solutions Academia Support User Community Events Company

The Language of Technical Computing

MATLAB is a programming environment for algorithm development, data analysis,
visualization, and numerical computation. Using MATLAB, you can solve technical computing

Overview
problems faster than with traditional programming languages, such as C, C++, and Fortran.
Videos & Examples
B o e ws=. ... Youcanuse MATLAB in a wide range of
==l e applications, including signal and image
Webinars ey ;;p,&“’\, Adgd PP : g g | ;
Wik A processing, communications, control design, test
’ > e and measurement, financial modeling and

~I5 analysis, and computational biology. For a million

e d engineers and scientists in industry and
academia, MATLAB is the language of technical
Product Overview 2:04 computing.

Source: MathWorks
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‘ Mathwork8° Accelerating the pace of engineenng and science

Products & Services Solutions Academia Support User Community Events Company

MATLAB Distributed Computing Server M

Ee Perform MATLAB and Simulink computations on clusters, clouds, and grids
Function List

Supported Schedulers

Examples and Webinars MATLAB Distributed Computing Server™ lets you run
Related Products computationally intensive MATLAB® programs and Simulink®
models on computer clusters, clouds, and grids. You develop your

System Reguirements ) .
program or model on a multicore desktop computer using Parallel

Latest Features Computing Toolbox™ and then scale up to many computers by
Support & Training running iton MATLAB Distributed Computing Server. The server

Product Support supports batch jobs, parallel computations, and distributed large

Documentation data. The server includes a built-in cluster job scheduler and

provides support for commonly used third-party schedulers.
Installation Instructions

Downloads & Trials MATLAB Distributed Computing Server provides licenses for all MathWorks toolboxes and blocksets, so
Other Resources you can run your MATLAB programs on a cluster without having to separately acquire additional

Technical Literature product-specific licenses for each computer in the cluster.

User Stories

See the list of products ineligible for use with MATLAB Distributed Computing Server.

Source: MathWorks
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Create Account | Log In

Products & Services Solutions Academia Support User Community Events Company

MATLAB' Mobile-

Connect fo MATLAB remotely from your iPhone, iPad, or iPod touch.

Connect to the Cloud
Overview ) .
Connecting to the MathWorks Cloud provides access to a MATLAB session wherever you
have Internet access from your iOS device. With a cloud connection, you can perform simple
Connect to the Cloud calculations and prototyping when your computer is not accessible.

MATLAB

Connect to Your

Computer Don't see the download buttons? Mobile
Log in to your MathWorks Account or create an account now.
Videos and
Examples
Getting Started
To set up a MATLAB Mobile connection to the MathWorks Cloud:
System

Requirements
1. On your computer, verify that you have a MathWorks Account.

FAQ * Log in to your MathWorks Account or create an account now.

2. Verify that you have an up-to-date license associated with your account.
* Go to License Center and check that your account is associated with a license.

* If you do not have an associated license, click the Add License button and follow the

directions.

MATLAB Mobile is hosted on Amazon Web Services ! Source: MathWorks
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2) Big Data Analysis

cloudera |[%s, |
Hadoop? Hadoop do for P

you?

Products & Services Customers Partners Community Resources Downloads Company Contact Blog

What is Apache Hadoop?

Hadoop is the popular open source
implementation of MapReduce, a
powerful tool designed for deep
analysis and transformation of very
large data sets

'I..nrn More -

Apache Hadoop is a powerful open source software package = Learn MoRe

designed for sophisticated analysis and transformation of WHY HADOOP?

both structured and unstructured complex data.

http://www.cloudera.com/
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Events Customer
Blog Portal
Careers Sign Up | Log In

Our Customers

cliellge ]} () comScore

- YL Aol . NAVTEQ

ACTIVSION.

More customers

Upcoming Training MORE

Cloudera Administrator
Training for Apache
Hadoop - Redwood City

Novembe

bercsl -23

Redwood City, CA

Cloudera Administrator
Training for Apache
Hadoop - Columbia
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What Is ( ? IT

a Distributed computing frame work
m For clusters of computers
= Thousands of compute nodes
m Petabytes of data

Open source, Java
Now part of Apache group

Reproduce the proprietary MapReduce software infrastructure
developed by Google

O'REILLY"
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Motivation: Large Scale Data Processing A\‘(IT

a MapReduce: Algorithm for large scale parallel data processing
s Want to process lots of data (> 1 TB)
s Want to parallelize across hundreds/thousands of CPUs
= ... Want to make this easy

m Potential fields of application
= Web indexing
= Data mining
w Log file analysis
= Machine learning
= Scientific simulation
= Bioinformatics research

m Google uses MapReduce everywhere, e.g. to run PageRank
m MapReduce adheres to functional programming paradigm
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MapReduce

Map(Key, Value) —
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Data Partitions

L

A hash function maps
the results of the map

Reduce(Key, List<Value>)

tasks to r reduce tasks

Reduce Outputs

a Implementations support:

= Splitting of data

s Passing the output of map functions to reduce functions
s Sorting the inputs to the reduce function based on the intermediate keys

= Quality of service

m AWS offers an “Elastic MapReduce” cloud service that may be

consumed by the hour
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3) Stereoscopic 3D Live Streaming (S3D)

TRIVIDO" Sl Solution Partner

30 FOR EVERYONE

Nickname Log out

Watch Live 3D X\ VA (GENERT P 4]

Free Stereoscopic Videos

nnm

9.99 - Trailer - G':l|:l)(y Shield - Trailer 2 Galaxy Shield - Trmler 1D in %D
An |mqt|xdr‘ com Mbit/s Ar imatixdd.com Full HD 5 Mbit/s - ow to make 3D..
Stereosc 3D Animation Stereosc 3D Animation An |mqt|x’r4 com

Stereosc 3D Animation

Source: www.trivido.com
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S3D Live Streaming: Cost Consideration

m Live streaming is traditionally
done via Satellite

Expensive: Equipment $2000/d,
satellite $700/h

Point-to-point only
Endpoint: Cinema
Needs to be organized far ahead

m Internet streaming

102

Affordable: Only needs bandwidth
(HD: 2Mbps-40Mbps)

Available everywhere:

Millions of simultaneous viewers
Endpoint: Web browser

May be used as a utility on-
demand

* Uber Internet/ IPTV

* Uber Satellit

2D }
Uberwiegend Ausstrahlung
durch Fernseher
« Uber Internet/ IPTV
« Uber Satellit

3D

Entertain von Telekom und
Kinos

Ohne Livestream
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* Uber Internet/ IPTV
* Uiber Satellit

Anbieter sind aberwiegend
Internetdienste

* derzeit nur tber Satellit

Ubertragung in Kinos

Uber Livestream



S3D Live Streaming: Application Area

Boxen

Zahnmedizin

Medizin

Tennis

Kongresse Fussball

Produktvorstellungen
Lehrveranstalltungen

3D Live

Regierungen
m Konferenzen J

Business
Privater Chat ;

m Interesting new
model to support any
kind of live event /
lectures
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S3D Live Streaming over the Internet A\‘(IT

CloudFormation

Adobe Flash
Media Server

Video
Source
CloudFormation Adobe Flash Media
Template Live Encoder
| |
v
AWS Amazon EC2 Instance

Route 53 Amazon CloudFront Live
I‘ Streaming Distribution
| ]

v v v

Edge Edge Edge
Location Location Location
| |

v \ 2 v
Video Video Video SSH
Client Client Client Client

Source: highedwebtech.com

Idea: Use Amazon Web Services
to transmit 3D stream to 1000’s
of screens worldwide

Use Adobe Flash streaming
services (Wowza, Adobe FMS)

Adobe FMS can be installed as a
scalable application by use of
the CloudFormation service

Use CloudFront service to
distribute Live streams to edge
locations

Route53 is a scalable DNS
service to manage the IP
addresses in a specific domain
(e.g. cloudkitchen.de)

NB: NASA is deploying a similar
system to support the Curiosity
mission: “Mars Science Lab”
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astic Loadbalancing
Amazon Live Streamin
Cloud Fron

Cloud Formatio
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S3D Live Streaming: Cloud Service

TRIVIDO

3D FOR EVERYONE

m Service to stream stereoscopic 3D content over the Internet
a Similar to YouTube
s Transmission and recording of Live events
= Transmission and storage of static content
= A cooperation of Invistra and KIT, see www.trivido.com
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S3D Live Streaming: Trivido Architecture A\‘(IT
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Cloud
(z.B. Amazon EQ2) '@

_—""  Wowza Edge Server
— Live Video Daten
Live Video Daten -g
Live Video Dsten Live Video Daten
8, Wowza Edge Server
" Live Video Daten
Waowza Origin
Live Video Daten O g Server

Wowza Edge Server

Live Video Daten @
3 : Stream Client t
Stream Provider

Stream (ient Stream Uient

Flash Browser Plugin
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S3D Live Streaming: Challenges

Implement a distributed system to cover geography and demand

Streams have to be compressed in the multiplexer

= 2 Mbps for 720p

= 5 Mbps for 1080p
= Medical applications: up to 40 Mbps / 4k resolution

a Endpoint has to support a variety of formats (side-by-side,
anaglyph,...) and devices (3D TV, Polarization, Shutter,...)

m Requirement: Secure the streams and contents in a way that they
could not be recorded at the endpoint

.0 0 0 0 0 00 D %
SRERERIREP B
sssesesss B o ot
: o
25a® ’ h T
. - 9
-
- B4
i >
- >
-3 B
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S3D Live Streaming: Results
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Services v

Edit Shortcut v
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einz Gelhardt ¥ Help ¥

B EU West (Ireland) v

EC2 Dashboard
Events

=/ 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

© 2008 - 2012, Amazon Web Services LLC or its affiliates. All rights reserved.
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200,000,000
100,000,000

0
6/19 6/21 6/23
00:0000:0000:00

Support Privacy Policy

Terms of Use

v e

[15 Show/Hide
4 £

Trivido2( paravirtu

Trivido2( paravirtu

Trivido2( paravirtu

Avg Disk Writes (Bytes)

100,000,000
75,000,000
50,000,000
25,000,000

6/19 6/21 6/23
00:0000:0000:00

2 Refresh | @ Help

1to 7 of 7 Instances > >

Security Key Paii Virtualiz Placement Group

An amazoncom. company

m ltis possible to feed thousands of streams simultaneously
s Streaming produces substantial network 1/0
= Almost no CPU as we do not transcode movies (e.g. Cupertino streams for iPhone)
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Summary and Outlook A\‘(IT

m The world is moving towards the IT service supermarket
u Self service
s Standardization of requests (small, medium, large, XL, ...)
= Automation of service lifecycle w/o maintenance windows
m Business models

m Multi tenancy is key to gain trust
m Tenants are privileged
m Tenants are independent of each other
= Tenants always get what they want immediately
m Tenants pay as they go

m Democratization of IT is empowering the employees
= Knowledge workers are able to service themselves
= Knowledge workers are able to make a suiting choice in the IT market
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Offerings in the Public Cloud A\‘(IT

m Lots of interesting commercial services exist
= Amazon Web Services, Google Storage, etc. (laaS)
= Google App Engine, Microsoft Azure, etc. (PaaS)
m Google Apps, Microsoft Office Live, Salesforce, etc. (SaaS)

m Some services are free to a certain extent
s Google Apps, Google App Engine, Google Storage, Apple iCloud, ...

s Assembla subversion services (Code management)
http://www.assembla.com/

= DropBox, Google Drive etc. (Cloud “USB-stick”, replaces home directory),
works with any platform, also with smartphones, iPad etc.
http://www.dropbox.com/, https://drive.google.com
a Opportunities

= Amazon teaching grants and research grants (quarterly call for proposals)
http://aws.amazon.com/education/
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Infrastructure Services

Storage
Amazon S3
Amazon EBS
CTERA Portal
Mosso Cloud Files
Nirvanix

Ecosystem
of Cloud
services

Compute

— Amazon EC2

|- Serve Path GoGrid

I Elastra

- Mosso Cloud Servers
Joyent Accelerators
— AppNexus

- Flexiscale

I Elastichosts

- Hosting.com CloudNine
- Terremark

- GridLayer

— iTRICITY
LayeredTech

Platform Services

General

Purpose

— Force.com

|- Etelos

I LongJump

|- AppJlet

|- Rollbase

|- Bungee Labs Connect

- Google App Engine

 Engine Yard

|- Caspio

I~ Qrimp

- MS Azure Services
Platform

— Mosso Cloud Sites

Services Management
- RightScale

|- enStratus

I Scalr

I CohesiveFT

- Kaavo

I~ CloudStatus
I Ylastic

I Dynect

I~ CloudFoundry
- NewRelic

— Cloud42

CLOUD

Data

10Gen MongoDB —
Oracle Coherence —
Gemstone Gemfire —
Apache CouchDb |
Apache HBase —
Hypertable |
TerraCotta —

Tokyo Cabinet —
Cassandra —{
memcached -

Appliances
Pingldentity
Symplified
rPath
Vordel

TAXONOMY

Business Development &
Intelligence Integration Testing

|- Aster DB - Amazon SQS Keynote Systems

- Quantivo |- MuleSource Mule Mercury

L Cloud9 Analytics | ©OnPemand SOASTA

L Blink Logic I~ Boomi SkyTap

- K2 Analytics - SnapLogic Aptana

I LogiXML [~ OpSource Connect LoadStorm

- Oco [ Cast Iron Collabnet

[~ Panorama B gé‘r:;?ggsn Bz Dynamsoft

I PivotLink L gnip

—Sterna - SnaplLogic Saas  Database

- ColdLight Neuron Solution Packs Google BigTable

I Infobright - Appian Anywhere Amazon SimpleDB

— Vertica ~ HubSpan FathomDB

- g‘:%:‘;gg’: Microsoft SDS

<
©=© OpenCrowd
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Compute
Globus Toolkit —|
Xeround —|
Beowulf —

Sun Grid Engine —
Hadoop —
OpenCloud —
Gigaspaces —
DataSynapse —
Xeround —

File Storage
EMC Atmos —
ParaScale —|
Zmamda —
CTERA -

Cloud Software

Cloud Management
3Tera App Logic |
OpenNebula —
Open.ControlTier |
Enomaly Enomalism —
Altor Networks —
VMware vSphere —|
OnPathTech —|
CohesiveFT VPN Cubed
Hyperic 4

Eucalyptus —

Reductive Lbs Puppet —
OpenQRM _|

Appistry —

Software Services

Desktop
Billing  Financials Legal Sales Productivity
Aria Systems Concur DirectLaw Xactly Zoho
eVapt Xero Advologix LucidEra -{ IBM Lotus Live
OpSource Workday Fios StreetSmarts Google Apps
Redi2 Beam4d Sertifi Success Desktoptwo
Zuora Metrics Parallels
ClusterSeven
Human Content Backup & CRM Document
Resources Management Recovery NetSuite-| Management
Taleo Clickability JungleDisk Parature 4 NetDocuments
Workday SpringCM 1 Mozy Responsys —| Questys
iCIMS CrownPoint Zmanda Cloud Rightnow — DocLanding
Backup | salesforce.com | Aconex
Social OpenRSM LiveOps | Xythos
Collaboration ~ Networks ~ S/"ePlicly=" MSDynamics 1 knowledge
Oracle On _| TreelLive
Box.net Ning 1 Demand SpringCM
DropBox Zembly
Amitive
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Business Models in the Cloud A\‘(IT

Karlsruhe Institute of Technology

m Use of credit card for authentication and billing
= An employee might use his own credit card (Happens very often!)
= An employee might be allowed to use an enterprise credit card
= An employee might claim Internet services as travel expenses
m An enterprise might want to establish an IT service center rather
than a computing center

= Importance of Service Request Management that is independent of operational
units (“System Services” rather than “Systems & Servers”)

= Organizes the market place
= Integrates cloud services into the processes
m Takes care of capacity planning and monitoring
a Negotiates service delivery with the cloud providers
m Takes care of billing
= E.g. buy Amazon Web Services vouchers and hand them out to employees

m Traditional computing centers in the enterprise will have to change!
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Cloud Computing is just a new Paradigm...

70’s: Mainframe
80’s: PC

90’s: Workstation
00’s: Grid

10’s: Cloud

... But it will change the
world like no other
disruptive computing
technology before !

AT

Strongest
offerings emerge

Offer
Shakeout and : adope[r :::iss(
platfprm . popular
stability standards
Platform

Disruption by
a new type of
platform

converges, early
standards set

New type of
platform
emerges

Cornss AT A e dn ot v Hdin b ol i
From http://blogs.zdnet.com/Hinchcliffe
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