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"
Cloud computing definitions (1/2)

m Cloud computing is a style of computing in
which dynamically scalable and often
virtualized resources are provided as a service
over the Internet.

m Users need not have knowledge of, expertise in,
or control over the technology infrastructure in
the “Cloud" that supports them.

From “Introduction to Cloud computing”, by Jiaheng Lu.
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Cloud computing definitions (2/2)

m Cloud computing is an umbrella term used to
refer to Internet based development and
services.

m A number of characteristics define Cloud data,
applications services and infrastructure:

Remotely hosted: Services or data are hosted on
remote infrastructure.

Ubiquitous: Services or data are available from
anywhere.

Pay-per-use: The result is a utility computing model
similar to traditional that of traditional utilities, like gas
and electricity - you pay for what you would want!

From “An Introduction and Overview of Cloud Computing”, by Mark Baker.

* JEE
Cloud computing in a few words

m Rent computing resources from a provider

m Dynamically increase or shrink computing
units

m Pay only for resources that you actually
use

Computing power, network bandwidth,
storage

From “Running SOA in a grid“, by David Beisert
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The architecture of Cloud

computing systems
= =
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From “Introduction to Cloud computing”, by Jiaheng Lu.

"

Cloud computing

Example: OEapgplaoQ:88$ Peaficur + Traffic

From “Running SOA in a grid“, by David Beisert
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Types of Clouds

m Compute and Data Cloud
EC2, Google Map Reduce, Science clouds
Provision platform for running science codes

Open source infrastructure: workspace, eucalyptus,
hubO

Virtualization: providing environments as VMs

m Hosting Cloud
GoogleApp Engine

Highly-available, fault tolerance, robustness, etc for
Web capabilities

Community example: IU hosting environment (quarry)

From “Virtualization, Cloud Computing, and TeraGrid”, by Kate Keahey. 7

" S
Different Cloud computing layers

MS Live/ExchangelLabs, IBM,
Google Apps: Salesforce.com
Quicken Online, Zoho, Cisco

Application as Service

Google App Engine, Mosso,
Application as Platform Force.com, Engine Yard,
Facebook, Heroku, AWS

Server Platform 3Tera, EC2, SliceHost,
GoGrid, RightScale, Linode

Storage Platform Amazon S3, Dell, Apple, ...

From “An Introduction and Overview of Cloud Computing”, by Mark Baker.
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5 key Cloud characteristics

m On-demand self-service
m Ubiquitous network access

m Location independent resource
pooling

m Rapid elasticity

m Pay per use

http://csrc.nist.gov/groups/SNS/cloud-computing/index.htmi

From “Cloud Computing and Virtualization: Security and Audit”, by Vern Williams.

* JEE—
Economics of Cloud computing

Pay by use instead of provisioning for peak
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Static data center Data center in the cloud

Unused resources

From “Above the Clouds”, by UC Berkeley RAD Lab. 10
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Economics of Cloud computing

Risk of over-provisioning: underutilization

Resources

4 Capacity

/wemand

Time

Static data center

From “Above the Clouds”, by UC Berkeley RAD Lab.

Unused resources

11

S

Economics of Cloud computing

Heavy penalty for
under-provisioning

Resources
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Demand
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From “Above the Clouds”, by UC Berkeley RAD Lab.
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Cloud killer applications

m Mobile and Web applications

m Extensions of desktop software
Matlab, Mathematica

m Batch processing / MapReduce
Oracle at Harvard, Hadoop at NY Times

From “Above the Clouds”, by UC Berkeley RAD Lab. 13

" S
Cloud deployment models

m Private cloud

enterprise owned or leased
m Community cloud

shared infrastructure for specific community
m Public cloud

Sold to the public, mega-scale infrastructure

m Hybrid cloud
composition of two or more clouds

http://csrc.nist.gov/groups/SNS/cloud-computing/index.html

From “Cloud Computing and Virtualization: Security and Audit”, by Vern Williams. 14




Cloud ecosystems

Public
—_ Cloud
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Virtual Private Cloud "%
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Private Cloud Private Cloud

Enterprise

From “Cloud Computing”, by Farhad Javidi. 15

"
Cloud computing services

m Software as a Service (SaaS)
[ Software is provided to end users in an “On-demand” fashion.
1 Reduces upfront costs, i.e. buying multiple licenses
0 “Utility-based” computing

m Platform as a Service (PaaS)

1 When the software needed to develop Cloud applications are
themselves provided in a “Software as a Service” fashion

m Infrastructure as a Service (laaS)

=1 An “infrastructure” referring to much of the background
hardware (contrast to software) needs of an organization

From “Computing on the cloud” by Jason Detchevery. 16
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Cloud architecture

Service Value Nets
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Platform as a Service
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Infrastructure as a Service

From “An Introduction and Overview of Cloud Computing”, by Mark Baker. 17
|
Cloud Infrastructure Cloud Infrastructure Cloud Infrastructure
Software as a Service
PaaS (SaaS)
| saas | | sass | Architectures
Cloud Infrastructure Cloud Infrastructure
laaS Platform as a Service (PaaS)
Paa$ PaaS Architectures
Cloud Infrastructure .
1aas Infrastructure as a Service (laaS)
Architectures
http://csrc.nist.gov/groups/SNS/cloud-computing/index.html
18

From “Cloud Computing and Virtualization: Security and Audit”, by Vern Williams.
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Software as a Service (SaaS)

m A common problem:

Business software installed on a work computer cannot be used
from other computers (home, mobile computers) because the
EULA doesn’ t allow it (licensing costs)

Remote access a possibility, but issues with uptime, security...
Instead the software is abstracted to a cloud application which
can be accessed anywhere via cloud client (e.g. web browser)

m Features of Software as a Service:

Commercial software that can be used and configured over a
network, file servers and remote configuration storage, one
application used by many clients, application updateability.

From “Computing on the cloud” by Jason Detchevery. 19

" JEE
Platform as a Service (PaaS)

m Implements the “Software Lifecycle” on the cloud.

m Common S.E. practices: client elicitation, software
design, component design, implementation, testing,
maintenance, data handling and documentation

m How does it work?

Cloud servers allow not just hosting of completed application, but
applications in progress

U.l. design tools right inside the web browser to use them
Provides testing in real situations: heavy client loads

Automatic integration with other data sources on the cloud

Tools for the developers to work efficiently with one another
Profit simulations

From “Computing on the cloud” by Jason Detchevery. 20
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* JEE
Infrastructure as a Service (laaS)

m Components of Infrastructure as a Service:

Computing hardware

= E.g. Client Storage Space, Processing power needs
Virtualization

= E.g. VM Ware, VirtualBox
Networking

= Security, communication speeds, servers
Internet Access

= Connecting clients applications to servers anywhere
Utility Computing

= E.g. Charging by hour, gigabyte, process load
Contracts

m Specific service levels which must be adhered too.

From “Computing on the cloud” by Jason Detchevery. 2

Cloud ecosystems

m End-user applications, Software-as-a-Service (SaaS)
m Platform-as-a-Service (PaaS)
m Infrastructure-as-a-Service (laaS)

End-User Applications End-User Applications

ﬁ: enomaly RightScale zimory
Platform as a Service (PaaS) Brokers, Tools and Frameworks
Salesforce AppExchange cohesiveFT Aptana cloud Mosso
Live Mesh <
W

Google App Engine 7"  Amazon Web Services Joyent
g ing

Infrastructure as a Service (laaS)

Facebook Platform Rackspace flexiscale 3tera

From “Cloud Computing”, by Farhad Javidi. 22
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Types of Cloud services

Ve

SaaS
Software as a Service

PaaS
Platform as a Service

laaS
Infrastructure as a Service

From “Introduction to Cloud computing”, by Jiaheng Lu. 23

SaaS

Software delivery model

m No hardware or software to manage
m Service delivered through a browser
m Customers use the service on demand
m Instant Scalability

From “Introduction to Cloud computing”, by Jiaheng Lu. 24
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SaaS

From “Introduction to Cloud computing”, by Jiaheng Lu.

Examples

m Your current Customer Relationship
Management (CRM) package is not
managing the load or you simply don’t
want to host it in-house. Use a SaaS
provider such as Salesforce.com

m Your email is hosted on an exchange
server in your office and it is very slow.
Outsource this using Hosted Exchange.

25

PaaS

Platform delivery model

m Platforms are built upon
Infrastructure, which is expensive

m Estimating demand is not a
science!

m Platform management is not fun!

From “Introduction to Cloud computing”, by Jiaheng Lu. 26
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* JEE—
PaaS | Examples

m You need to host a large file (SMb) on your
website and make it available for 35,000 users
for only two months duration. Use Cloud
Front from Amazon.

®m You want to start storage services on your
network for a large number of files and you
do not have the storage capacity...use
Amazon S3.

From “Introduction to Cloud computing”, by Jiaheng Lu. 27

" S
laaS | Computer infrastructure
delivery model

m A platform virtualization
environment

m Computing resources, such as
storing and processing

capacity.

m Virtualization taken a step
further

From “Introduction to Cloud computing”, by Jiaheng Lu. 28
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laaS |  Examples

m You want to run a batch job but you
don’t have the infrastructure necessary
to run it in a timely manner. Use
Amazon EC2.

m You want to host a website, but only
for a few days. Use Flexiscale.

From “Introduction to Cloud computing”, by Jiaheng Lu. 29

" JEE
)
SaaS | Common factors

——— m Pay peruse
PaaS | m Instant Scalability

m Security
m Reliability
laaS | ® APIs

From “An Introduction to SaaS and Cloud Computing”, by Ross Cooney. 30
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* JEE—
)
SaaS | Advantages

m Lower cost of ownership

PaaS | = Reduce infrastructure
management responsibility

m Allow for unexpected resource
laaS loads

m Faster application rollout

From “An Introduction to SaaS and Cloud Computing”, by Ross Cooney. 3

" JEEE
SR .
SaaS | Cloud economics

— = Multi-tenanted

m Virtualisation lowers costs by
increasing utilisation

——~ B Economies of scale afforded
laaS by technology

m Automated update policy

From “An Introduction to SaaS and Cloud Computing”, by Ross Cooney. 32
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" JEE—
Cloud computing elements

m A lot of constituent elements are necessary to
make Cloud computing work:
Cloud applications
Cloud clients
Cloud hardware
Cloud platform
Cloud services

Cloud storage

From “Computing on the cloud” by Jason Detchevery. 33

" JEEE—
Example: Google apps
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From “Computing on the cloud” by Jason Detchevery.
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Cloud computing
compared to previous
computing models

35

History of Cloud computing

m The Cloud is a term that borrowed from telephony. Up to the
1990s, data circuits (including those that carried Internet
traffic) were hard-wired between destinations. Subsequently,
long-haul telephone companies began offering Virtual Private
Network (VPN) service for data communications.

m Telephone companies were able to offer VPN-based services
with the same guaranteed bandwidth as fixed circuits at a
lower cost because they could switch traffic to balance
utilization as they saw fit, thus utilizing their overall network
bandwidth more effectively.

From “High Performance Computing. Cloud Computing”, by Rami Yared. 36
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History of Cloud computing

m As a result of this arrangement, it was

impossible to determine in advance precisely
paths traffic would be routed over. The term

"telecom cloud" was used to describe thi

s type of

networking, and cloud computing is conceptually

somewhat similar.

From “High Performance Computing. Cloud Computing”, by Rami Yared.

37

From Grids to Cloud computing

- Software as a Service

: Cloud Computing

G;’c = ¢ utility Computing Network-based
omputin . H -
. : « Offering computing : Subscriptions to
* Solving large : resourcesasa :  applications
problems with :  metered service : ) :
parallel computing  : :  Gained momentum :

i o Introduced in late @ 12001
¢ Made mainstream by:  1990s :

Globus Alliance

From “Introduction to Cloud computing”, by Jiaheng Lu.

Next-Generation
Internet computing

Next-Generation
Data Centers

38
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* JEE——
Cloud computing vs Grid computing
m Cloud computing is an infrastructure that

virtualizes hardware and software
resources

m Grid computing are patterns, tools and
frameworks to distribute computing or data

From “Running SOA in a grid“, by David Beisert 39

" S
Cloud computing vs Grid computing

m Share a lot commonality
intention, architecture and technology

m Difference

programming model, business model,
compute model, applications, and
Virtualization.

From “Introduction to Cloud computing”, by Jiaheng Lu. 40
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Cloud computing vs Grid computing

The problems are mostly the same:
= manage large facilities;

= define methods by which consumers
discover, request and use resources
provided by the central facilities;

mimplement the often highly parallel
computations that execute on those
resources.

From “Introduction to Cloud computing”, by Jiaheng Lu. M

" S
Cloud computing vs Grid computing

m Virtualization:
Grid
= do not rely on virtualization as much as

Clouds do, each individual organization
maintain full control of their resources

Cloud

man indispensable ingredient for almost
every Cloud

From “Introduction to Cloud computing”, by Jiaheng Lu. 42
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Cloud computing vs Grid computing

Target Group

Scientific community

Business

Service

short-lived batch-style
processing (job execution)

long-lived services based on
hardware virtualization

Local
(between the EGEE project
and the resource providers)

Global
(between Amazon and
users)

User Interface

High-level interfaces

HTTP(S), REST, SOAP, Java
API, BitTorrent

Resource-side
middleware

Open Source (Apache 2.0)

Proprietary

Ease of Use

Heavy

Light

Ease of
Deployment

Heavy

Unknown

Resource
Management

probably similar

Funding
Model

Publicly funded

Commercial

Summary of ,An EGEE Comparative Study: Grids and Clouds Evolution or Revolution” by Markus Klems

From “Introduction to Cloud computing”, by Jiaheng Lu.

43

Disadvantages of Cloud computing

m  Since cloud computing does not allow users to physically possess the
storage of their data (the exception being the possibility that data can be
backed up to a user-owned storage device, such as a USB flash drive
or hard disk) it does leave responsibility of data storage and control in
the hands of the provider.

m  Cloud computing has been criticized for limiting the freedom of users
and making them dependent on the cloud computing provider, and
some critics have alleged that is only possible to use applications or
services that the provider is willing to offer. Thus, The London Times
compares cloud computing to centralized systems of the 1950s and
60s, by which users connected through "dumb" terminals to mainframe
computers. Typically, users had no freedom to install new applications
and needed approval from administrators to achieve certain tasks.
Overall, it limited both freedom and creativity. The Times argues that
cloud computing is a regression to that time.

From “High Performance Computing. Cloud Computing”, by Rami Yared.

44
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Disadvantages of Cloud computing

m Similarly, Richard Stallman, founder of the Free
Software Foundation, believes that cloud
computing endangers liberties because users
sacrifice their privacy and personal data to a
third party. He stated that cloud computing is
"simply a trap aimed at forcing more people to
buy into locked, proprietary systems that would
cost them more and more over time."

45

From “High Performance Computing. Cloud Computing”, by Rami Yared.

Some examples of
Cloud systems

46
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Cloud computing providers

m Amazon Elastic Cloud (http://
aws.amazon.com)

m Mosso (http://www.mosso.com)
m GoGrid (http://www.gogrid.com)
m App Nexus (http://www.appnexus.com)

http://www.infoq.com/articles/cloud-
comparison;jsessionid=7470C47AA82572663F2E653EE2
65BDI9C

From “Running SOA in a grid”, by David Beisert. a7

Amazon Web services

m Amazon’s infrastructure (auto scaling,
load balancing)

m Elastic Compute Cloud (EC2) — scalable
virtual private server instances

m Simple Storage Service (S3)
m Simple Queue Service (SQS) — messaging
m SimpleDB - database

m Flexible Payments Service, Mechanical
Turk, CloudFront, etc.

http://net.pku.edu.cn/~course/cs402/2009/ 48
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Amazon Web services

m Very flexible, lower-level offering (closer to
hardware) = more possibilities, higher
performing

m Runs platform you provide (machine images)
m Supports all major web languages

m Industry-standard services (move off AWS
easily)

m Require much more work, longer time-to-market
Deployment scripts, configuring images, etc.

m Various libraries and GUI plug-ins make AWS do
help

http://net.pku.edu.cn/~course/cs402/2009/ 49

Amazon pricing diagram

No
Standard Service Charges Bandwidth | Hourly Charge
Charge !

Bandwidth
s Charges

EC2
Instances

50

From “Running SOA in a grid”, by David Beisert.
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Amazon EC2 overview

m Run, create, copy and control virtual
machine images via a Webservice API

m Pay only for per instance hour and traffic

m Amazon Machine Images are based on
Linux, Unix or Windows

m Income Model: You can create public
Machine Images add a fee to them and
share the revenue with Amazon!

From “Running SOA in a grid”, by David Beisert. 51

Amazon EC2

m Elastic Compute Cloud

m Rent virtual machine instances to run your software. Monitor and
increase / decrease the number of VMs as demand changes

= How to use:

Create an Amazon Machine Image (AMI): applications, libraries,
data and associated settings

Upload AMI to Amazon S3 (simple storage service)

Use Amazon EC2 web service to configure security and network
access

Choose OS, start AMI instances
Monitor & control via web interface or APIs

From “Cloud computing infrastructure”, Anh M. Nguyen. 52
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Amazon EC2

m Characteristics:
Elastic: increase or decrease capacity within minutes
= Monitor and control via EC2 APIs
Completely controlled: root access to each instances
Flexible: choose your OS, software packages...
m Redhat, Ubuntu, openSuse, Windows Sever 2003,...
= Small, large, extra large instances

Reliable: Amazon datacenters, high availability and
redundancies

Secure: web interface to configure firewall settings
m Cost:

CPU: small instance, $0.10 per hour for Linux, $0.125 per hour
for Windows (1.0-1.2 GHz 2007 Opteron or 2007 Xeon
processor)

Bandwidth: in $0.10, out $0.17 per GB
Storage: $0.10 per GB-month, $0.10 per 1 million I/O requests

From “Cloud computing infrastructure”, Anh M. Nguyen. 53

EC2 popular use-cases

m Scalable Applications
Popular Website that needs to scale to certain spikes
m Temporary Events
On and off events that use many resources but are normally
idle
Short term Promotional websites.
m Batch Processing
Video, Image Processing, Text indexing
Science and Research Data processing
Financial Data processing
m Fault Resilient Applications

Build application in multiple availability zones which will be
protected against the loss of an entire physical location (all of
US East for example).

From “Running SOA in a grid”, by David Beisert. 54
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EC2 terminology

m AMI — Amazon Machine Image

Like VMWare image (Operating system, installed software)
m Machine Instance

Actual the running instance of your image

You can run an instance in different sizes (small, medium,
large..)

Data does not survive restart!
m Elastic Block Storage

Assign a virtual harddisc to your Machine Instance which data
survives even after Machine shutdown

m Elastic IP Address and Firewall settings
Assign a public IP Address to your running Machine Instance
m Availability Zones (Different Amazon Datacenters)

From “Running SOA in a grid”, by David Beisert. 55

S
EC2 instance types

1 EC2 Compute Unit (CU)
~=1.0-1.2 GHz Opteron or Xeon processor (based on 2007)

Small Instance (32-bit platform)
*1.7 GB of RAM,

*1 EC2 Compute Unit

*160 GB of instance storage

Large Instance (64-bit platform)
*7.5 GB of RAM

*4 EC2 Compute Unit

*850 GB of instance storage

Extra Large Instance (64-bit platform)
*15 GB of RAM

*8 EC2 Compute Unit

*1690 GB of instance storage,

From “Running SOA in a grid”, by David Beisert. 56
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EC2 pricing

United States Europe
Data Transfer In

Standard On-Demand Instances Linux/UNIX Usage

All Data Transfer $0.10 per GB
Small (Default) $0.10 per hour
Large $0.40 per hour Data Transfer Out
Extra Large $0.80 per hour First 10 TB per Month $0.17 per GB
High CPU On-Demand Instances Linux/UNIX Usage Next 40 TB per Month $0.13 per GB
Medium $0.20 per hour Next 100TB per Month $0.11 per GB
Extra Large $0.80 per hour Over 150 TB per Month $0.10 per GB

Small Instance (Default) 1.7 GB of memory, 1 EC2 Compute Unit (1 virtual core with 1 EC2 Compute Unit),
160 GB of instance storage, 32-bit platform

Large Instance 7.5 GB of memory, 4 EC2 Compute Units (2 virtual cores with 2 EC2 Compute Units each), 8
GB of instance storage, 64-bit platform

Extra Large Instance 15 GB of memory, 8 EC2 Compute Units (4 virtual cores with 2 EC2 Compute Units
each), 1690 GB of instance storage, 64-bit platform

http://net.pku.edu.cn/~course/cs402/2009/ 57

g
S3 data storage

m Datastore like Filesystem but flat (no
directory structure possible)
m Separated in buckets
Can contain unlimited objects
Each object can be up to 5GB

m Standard SOAP or REST Access (open by
plain URL!)

58

From “Running SOA in a grid”, by David Beisert.
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S3 use cases

m Data Backups for EC2 instances

m Simple means to provide unlimited storage
to your users

File download, File upload websites
m Very simple integration in any web site

From “Running SOA in a grid”, by David Beisert. 59

" I
S3 pricing

Storage
*$0.15 per GB-Month of storage used
Data Transfer
+$0.100 per GB — all data transfer in
$0.170 per GB — first 10 TB / month data transfer out
*$0.130 per GB — next 40 TB / month data transfer out
*$0.110 per GB — next 100 TB / month data transfer out
*$0.100 per GB — data transfer out / month over 150 TB
Requests
*$0.01 per 1,000 PUT, POST, or LIST requests
*$0.01 per 10,000 GET and all other requests*

From “Running SOA in a grid”, by David Beisert. 60
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SQS - Simple Queue System

m Queueing System like MQSeries, Java
Message Service, MS Message Queuing

m Queues and messages are redundantly
distributed among SQS Servers

m Simple Access via SOAP or http Query
API

From “Running SOA in a grid”, by David Beisert. 61

SQS Features

m You can create unlimited number of
queues

m Each message can be up to 8kb of size
m Message can stay max 4 days in a queue

m Message is locked so only one client can
process it at a time

From “Running SOA in a grid”, by David Beisert. 62
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SQS pricing

Requests
= $0.01 per 10,000 Amazon SQS Requests ($0.000001 per Request)

m  Amazon SQS requests are CreateQueue, ListQueues,
DeleteQueue, SendMessage, ReceiveMessage, DeleteMessage,
SetQueueAttributes and GetQueueAttributes

Data Transfer

m $0.100 per GB - all data transfer in

m $0.170 per GB - first 10 TB / month data transfer out

m $0.130 per GB — next 40 TB / month data transfer out
$0.110 per GB — next 100 TB / month data transfer out
$0.100 per GB — data transfer out / month over 150 TB

63

From “Running SOA in a grid”, by David Beisert.

Amazon EC2 in Action

m Registering for AWS
m Tools you need
m Architecture of the application
m Setting it up
Installing the software on an AMI
Bundling the AMI

m Running it, Monitoring it

From “Running SOA in a grid”, by David Beisert. 64
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Tools needed

m Elastic Fox for controlling instances
m S3 Organizer for viewing your buckets

m Amazon Commandline tools
Require Jdk 1.5 or higher

m Libraries (java, python, ruby, c# available)
Java: typica (ec2) and jets3

m Putty SSH Client

m WIinSCP for easy viewing AMI filesystem

m Eclipse

65

From “Running SOA in a grid”, by David Beisert.

Architecture of the application

bucket /| bucket

66

From “Running SOA in a grid”, by David Beisert.
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Google App Engine
mDoes one thing well: running web apps
mSimple app configuration

mScalable
mSecure

From “Introduction to Cloud computing”, by Jiaheng Lu. 67

Google App Engine

mApp Engine handles HTTP(S) requests,
nothing else

Think RPC: request in, processing,
response out

Works well for the web and AJAX; also for
other services

mApp configuration is dead simple
No performance tuning needed

From “Introduction to Cloud computing”, by Jiaheng Lu. 68
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App Engine Architecture

stateless APls

urlfech

mail

images

stateful
APls

D
N————

I
N————

req/resp
ﬂ R/O FS
Python Std“b
VM
process app

datastore

From “Introduction to Cloud computing”, by Jiaheng Lu.
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