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[JB] Dr. James Broberg, U. Melbourne, CC-Tutorial at CCGrid 2009

[MM] Michael Maximilien, IBM
[MK] Dr. Marcel Kunze und Christian Baun (comics), SCC Karlsruhe

Stefan Tai, Alex Lenk, Markus Klems, Sebastian Schmidt & many more...


http://www.slideshare.net/jamesbroberg/introduction-to-cloud-computing-ccgrid-2009�
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Agenda FZI

e Partl: Whatis Cloud Computing?
o Part2: The Cloud Ecosystem

o Part 3: Current research questions and interesting directions
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Agenda — Part1 Fzi

e Partl: Whatis Cloud Computing?
e Definitions
* (Cloud vs. Grid

* Challenges and Oportunities
e Part 2: The Cloud Ecosystem

« Part 3: Current research questions and interesting directions
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Some remarks on Cloud Definitions FZI

e Anonymous:

.[-..] unfortunately the marketing guys got hold of the term before
the technicians had known what Cloud Computing is [...]"

A lot of semi-serious definitions:
* Cloud = Grid made right / Grid made easy

e G@Grid: from Science for Science
Cloud: from Business for Business

e Let's get serious (first...)




Some serious definitions FZI

UCBerkeley RADLabs: “Cloud computing has the following
characteristics: (1) The illusion of infinite computing resources... (2) The
elimination of an up-front commitment by Cloud users... (3). The ability to
pay for use...as needed...”

—> business perspective

McKinsey: “Clouds are hardware-based services offering compute,
network and storage capacity where: Hardware management is highly
abstracted from the buyer, Buyers incur infrastructure costs as variable
OPEX, and Infrastructure capacity is highly elastic”

—> only one kind of Cloud

Wikipedia: “.. a style of computing in which dynamically scalable and
often virtualized resources are provided as a service over the Internet”
—> technical perspective

[JB]
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Our definition FZI

“Building on compute and storage virtualization,
cloud computing provides scalable, network-centric,
abstracted IT infrastructure, platforms, and applications
as on-demand services that are billed by consumption.”

Common ground:

« Web Service and Web Portal access
e Scalability

 Pay per use

e Virtualisation/abstraction

e XaaS

- Technical enablers:

e WS-Technology: SOAP, REST,...
 Virtualization: VMWare, XEN, Virtual Box,...
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Grid vs. Cloud FZl

T
GO Og\‘le |grid computing. cloud computing | | Search Trends |

Trends Tip: Use commas to compare multiple search terms

LABS

Searches \Websites All regions
® grid computing @ cloud computing
Saarch Volume index Goagla[ o |nds |A ] ¥ahoo in ‘cloud computing’ research with HP-Intel
’_I WA today - Jul 29 2008
Al

|B| How Cloud Computing Is Changing The Warld
KMBC com - Aug 4 2008

3Tera Brings Windows to Cloud Computing
Earthtimes (press release) - Oct 1 2008
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]

|D] Infrastructure Cloud Computing
SY5-CON Media - Oct 28 2008

LEJ

|
2004
Ngwls |Q|Q:Q|1¢Q valura Acumen Solutions First to Launch Cloud Computing

I
Government
@ j!&l ,‘fE Trading Markets (press release) - Feb 25 2009
j-_-n-ﬂ"\-—_—.l—-—nnﬂ.-ﬁ-\-—-\ﬁ—.-.-'_-‘h-——

|F | Sun Shines on Cloud Computing [M K]

e Cloud has replaced Grid in public visibility, but for the last time: Cloud <> Grid V2 !!!

o Foster's Grid Definition “What is the Grid? A Three Point Checklist”
e Computing resources are not administered centrally
* Open standards are used
* Nontrivial quality of service is achieved

=>» Big differences in definitions, but unfortunately promises and the metapher are similar...



Cloud Computing provides solutions a“'
to a variety of challenges and opportunities  FZI

The classical problem h
» Under-utilized server resources waste computing power
(and energy)
» Over-utilized servers cause interruption or degradation of service levels
J
\

...today in an Internet setting

. * Resource demands are increasingly of highly dynamic nature and Internet-scale

* On-demand resources are a means for faster time-to-market,
and cost-effective innovation processes

4

+-...and tomorrow in the next-gen Web

: * Leveraging the Web as a combined technology, business, and people collaboration
platform:

» Making effective use of sophisticated infrastructure which is increasingly available as
(Web) services

» Enabling dynamic (trans-)formation of open service and business networks

/




This was our starting point: Cloud TCO o

/Collect real-world\

use cases and

identify typical
scenarios

(single consumer viewpoint)  FZI

business objectives
foster innovation
rapid prototyping
leverage Web as platform

demand behavior
seasonal
temporary spikes
unpredictable

IT requirements
scalability
reliable and stable platform
high availability

Estimate costs
variable costs
fixed costs
time to market

Estimate value
Business value
Economic value

Derive strategies
Decision processes
Recommendations
Business transformation




A Framework for Estimating aﬁ
the Value of Cloud Computing  FZI
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Computing service.
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,D0 Clouds Compute? A Framework for Estimating the Value of Cloud Computing*
by M. Klems, J. Nimis, and S. Tai. Procs. WeB‘08, Springer LNBIP, January 20009.
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Agenda — Part 2 FZi

e Partl: Whatis Cloud Computing?

e Part2: The Cloud Ecosystem
e Cloud Architecture
* Cloud Players
* Change ahead!

« Part 3: Current research questions and interesting directions




Organizational Cloud Architecture: a“'
Public-/Hybrid-/Private-Cloud  FZI

Benutzer-
Organisation A

Private
Cloud

Benutzer-
Organisation B

Anbieter-
Organisation E

Anbieter-
Organisation C

Public
Private Hybrid Gl
Cloud

Anbieter-
Organisation D




Technical Cloud Architecture: 6i=|'
Cloud Computing Stack  FZI

s é = Generic Approach
| B
= Layered architecture
= Everything as a Service concept
g = Standard layers
— | g § = Infrastructure as a Service
o HI = Platform as a Service
L f :% = Software as a Service
RRRRR L = | § g = Extra Layers
mmmmmmmmmm m— g g = Human as a Service
—— i =  Administration/Business
: g Support

~What's Inside the Cloud? An Architectural Map of the Cloud Landscape®,
A. Lenk, T. Sandholm, M. Klems, J. Nimis, S. Tai (ICSE Cloud 09 Workshop, 25.05.2009)




oM

Infrastructure as a Service FZI

Seg|

Infrastructure Services
Higher Infrastructure Services e.g. Google Bigtable
Basic Infrastructure Services
Computational e.g. Hadoop MapReduce
Storage e.g. GoogleFS I
Network e.g. OpenFlow I
Resource Set
Virtual Resource Set e.g. Amazon EC2
Physical Resource Set e.g. Emulab

Infrastructure Services

Storage
Computational
Network
Database

e.g. Google Bigtable,
GoogleFS, Hadoop
MapReduce, HadoopFS

= Resource Set

Machine Images
e.g. EC2, Eucalyptus



a'E"

Platform as a Service FZI

= Programming
Environment

= Programming Language,
Libraries

= e.g. Django, Java

=  Execution Environment
=  Runtime Environment

= e.g. Google App Engine,
Java Virtual Machine
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Software as a Service FZI

= Applications
= User Interface
= Frontend Application

= e.g. Google Docs,
Yahoo Email

= Application Services
= Webservices Interface
= Basic or Composite

= e.g. Opensocial,
Google Maps
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Human as a Service FZI

= Crowdsourcing

= Enabling Collective
Intelligence

= e.g. Mechanical Turk

Crowdsourcing e.g. Mechanical Turk

geeny

Information Aggregation Services e.g. lowa Electronic Markets

= |nformation Markets
= Prediction of events

= e.g. lowa Electronic
Markets




Administration/Business Support

= Available on all layers

uoneljsIuI Py
Joddns ssauisng

=  Administration
= Deployment
= Configuration
= Monitoring
= Life cycle management

= Business support
= Metering
= Billing

= Authentication
= User management

Juswabeuepy ajpAn-a ‘Buloyuoly ‘uogeinByuog ‘Juswho|daq
wawabeuew Jasn ‘uopeonualny ‘Buyig ‘Buusiep

5
FZI
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Cloud Architecture - Cloud Players FZI

yoddns ssauisng

-~ High-value SPs
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7 \
s /’ \
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Storage uogerl
twork 0. OpenFi I
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Infrastructure SPs
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Players FZI

Cloud infrastructure service providers — raw cloud resources
laaS (infrastructure-as-a-service)

Cloud platform providers — resources + frameworks; PaaS (platform-
as-a-service)

Cloud intermediares — help broker some aspect of raw resources and
frameworks, e.g.,

server managers, application assemblers, application hosting
Cloud application providers (SaaS)
Cloud consumers — users of the above

[MM]
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Players: Providers FZI

Programmatic access via Web Services and/or Web APIs
“Pure” virtualized resources

CPU, memory, storage, and bandwidth amazon
web services™
Data store
Joyent
T B T
(Gloud Gomputing
Versus Brought to you with the power of the

Joyent Accelerator”

Virtualized resources plus application framework
(e.g., ROR, Python, .NET) >

Google App Engine

Imposes an application and data architecture

Constrains how application is built @ Live Mesh

[MM]
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Players: Cloud Intermediaires FZI

Resells (aspects of) raw cloud resources, with added value
propositions
Packaging resources as bundles

Facilitating cloud resource management,
e.g., setup, updates, backup, load balancing, etc.

Providing tools and dashboards

Enabler of the cloud ecosystem

RIGHT SCALE"
(Ifiorph

R s e

: \
&% 1| heroku cohesiveFD)
—— assemble. deploy. manage 6

[MM]

& Zimory
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Players: Application Providers FZI

Software as a Service (SaaS):
Applications provided and consumed over the Web

Infrastructure usage (mostly) hidden

GOLS

Apps

Gmai
@ Microsodt ™ Ema witl 5 GB o gepe é reae ha collaborate on
‘"’ e r{ i CO I I I custom ema\l al dress, mal\ locuments in real—lime.
‘J CE IUE tools and integrated chat.
@chefﬁ On Demand.” Googl! dar @ Google Sites
inate meetings and compar One-step sharing for team
i informati
. Security com| ce
he J Set email policies and rec
deleted sages.

[MM]



Mﬁé&eﬂm Cloud computing by example: a’
Amazon AWS FZI

Amazon AWS Cloud Offerings:

 Amazon Elastic Compute Cloud (Amazon EC2)
« Amazon Simple Storage Service (Amazon S3

« Amazon Simple Queuing Service (Amazon SQS)
« Amazon SimpleDB

« Amazon Elastic MapReduce
« Amazon CloudFront

« Amazon DevPay

e AWS Import/Export




Mﬁé&eﬂm Cloud computing by example: a’

Amazon EC2 FZI

Typical Workflow:

o Selection of AMI selection

« Selection of instance size and availability zone
« Generation of Key-pair

o Start of Instance

o Definition of Security Zone / Accessibility

* Persistence of States > EBS SpLaT e neeenay
. . o SR o e} e
e Generation of individual AMIs =1 T—C— o=l |

A T e e

- E.g. GUI tool support

Your Instarsces

bR o i A A AT




Mﬁé&eﬂm Cloud computing by example: a’

Amazon S3 FZI

Typical Workflow:

 Anlegen von Buckets
s3cmd mb s3://Bucket

 Hochladen von Objekten in einen Bucket
s3cmd put LokaleDateir s3://Bucket/EntfernteDatei

 Auslesen von Meta-Daten z.B. Bucketinhalten
s3cmd Is s3://Bucket

 Herunterladen von Objekten aus einem Bucket
s3cmd get s3://Bucket/EntfernteDateil LokaleDatei

e Loschen von Dateien
s3cmd del s3://Bucket/EntfernteDatei

 Loschen von (leeren) Buckets
s3cmd rb s3://Bucket

- E.g. command line tool support




ﬁe.ﬂ‘sgrﬁge';m Cloud computing by example: 6i=|'
Amazon SQS FZI

Typical Workflow:

« CreateQueue: Anlegen einer Queue im AWSBenutzerkontext

 ListQueues: Aufzadhlung der existierenden Queues

« DeleteQueue: Loschen einer Queue

« SendMessage: Einstellen einer Nachricht in eine Queue

» ReceilveMessage: Auslesen einer (oder mehrerer) Nachrichten aus einer Queue

« ChangeMessageVisibility: Einstellen weitere Sichtbarkeit gelesener Nachrichten
« DeleteMessage: Loschen einer gelesenen Nachricht

 SetQueueAttributes: z.B. Zeit zw. zwei Leseoperationen auf dieselbe Nachricht

« GetQueueAttributes: z.B. Anzahl der aktuell in der Queue befindlichen Nachrichten
« AddPermission: Freigabe von Queues zum geteilten Zugriff verschiedener Benutzer
« RemovePermission: Widerrufen der Freigabe fir andere Benutzerkontexte




ﬁe.ﬂ‘sgrﬁge';m Cloud computing by example: 6i=|'
Amazon SimpleDB  FZI

Typical Workflow:
« CreateDomain, ListDomains, DeleteDomain: Doméne = Relation
« DomainMetadata: Auslesen z.B. von aktuellem Speicherplatzbedarf

 PutAttributes: Hinzufligen oder Aktualisieren eines Datensatzes basierend auf
einem Datensatzidentifikator und Attribut/Wert-Paaren

« BatchPutAttributes: Gleichzeitiges Anstol3en mehrer Einflgeoperationen zur
Performance-Erhdhung

« GetAttributes: Lesen eines identifizierten (Teil-)Datensatzes
« DeleteAttributes: Loschen von Datensatzen, Attributen oder Werten
« Select: Anfrage in SQL-ahnlicher Syntax (ohne Joins!)
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Change Ahead! FZi

Caveat: AWS are not 1:1 replacements for traditional IT infrastructure
components — they change the way how to build systems!

Amazon 5Q5

Lauinch
Controller

Controller : Launc

Insert JoblD, [Insert Ampalpn
. .

Status i ‘:(.2;.!-1.‘0

' -

— k’ e

—_—  m 1
Status
DB
Amazon Hadoop Cluster on
SimpleDB Amaron EC2 Amazon 53

E.g. GrepTheWeb
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Agenda — Part 3 FZi

e Partl: Whatis Cloud Computing?
e Part2: The Cloud Ecosystem

« Part 3: Current research questions and interesting directions
* |Ingeneral
e AtIPE
e ,Near“IPE
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Open Issues in General FZi

Table 1: Quick Preview of Top 10 Obstacles to and Opportunities for Growth of Cloud Computing.

Obstacle Opportunity
1 | Availability of Service Use Multiple Cloud Providers; Use Elasticity to Prevent DDOS
2 | Data Lock-In Standardize APIs; Compatible SW to enable Surge Computing
3 | Data Confidentiality and Auditability | Deploy Encryption, VLANSs, Firewalls; Geographical Data Storage
4 | Data Transfer Bottlenecks FedExing Disks; Data Backup/Archival; Higher BW Switches
5 | Performance Unpredictability Improved VM Support; Flash Memory:; Gang Schedule VMs
6 | Scalable Storage Invent Scalable Store
7 | Bugs in Large Distributed Systems Invent Debugger that relies on Distributed VMs
S | Scaling Quickly Invent Auto-Scaler that relies on ML; Snapshots for Conservation
9 | Reputation Fate Sharing Offer reputation-guarding services like those for email
10 | Software Licensing Pay-for-use licenses; Bulk use sales

=> Reliability, Portability, Security/Trust, Scalability, SLAs, Licenses,...

Above the Clouds: A Berkeley View of Cloud Computing. Armbrust M, Fox A, Griffith R, Joseph A, Katz R,
Konwinski A, Lee G, Patterson D, Rabkin A, Stoica | und ZahariaM.

Technical Report No. UCB/EECS-2009-28. Electrical Engineering and Computer Sciences.

University of California at Berkeley. USA. 2009




Overview o))
CC Research Questions@IPE FZI

_ Business Cases and Cloud TCO
Business Cases Research paper: ,Do Clouds Compute?*
& PerSpeCtiVGS Project ICE (T-Labs): CC business cases for T-Com
Cloud Computing Adoption
MTh & IBM GBS: CC Maturity Model w. online tool

Cloud Value Creation
Cloud offering value creation esp. for intermediairies

Architecture of ,the Cloud*
Research paper: ,What's inside the Cloud?*

Cloud Ecosystem

. The Cloud”

Cloud Engineering
Cloud Project ICE (T-Labs): Dev. support for IntraCloud-Patterns
Cloud Application Development

MTh (OpenCirrus/HP): ,Cloudification” of apps

Cloud service composition, Cloud application arch.

Engineering

SAP Landscape Provisioning

MThs & Project Proposal (ZIM fluidOps): Reliability of VPDC
SAP Cloud-Demo

Project (SAP CEC): SLA mgmt for complex systems

Cloud Management
& Provisioning



Condensed Topics at o
Cloud Service Engineering FZI

4 Y
Cloud
Programming
Models and

4 B\ Architecture p

\ /

sg:\c;ilégs Service Value
(XaaS) Networks

- J

= C JS_éeri o
Engineering

.-~ 7' Business
7--= opportunities |

) \X‘N Internet-scale service
§ computing

Enterprise-grade
systems management

\



http://www.eorganization.de/�

OpenCirrus™ 5)
Cloud Computing Research Testbed FZI

e An open, internet-scale global testbed for cloud computing research
e Data center management & cloud services
e Systems level research

e Application level research

e Structure: a loose federation
e Sponsors: HP Labs, Intel Research, Yahoo!
e Partners: UIUC, Singapore IDA, KIT, NSF
* Members: System and application development

o Great opportunity for cloud R&D

http://opencirrus.org

| Marcel Kunze | OpenCirrus, HP-CAST Madrid | May 2009


http://www.publicaffairs.uiuc.edu/idstandards/iis.html�
http://www.ida.gov.sg/�
http://www.hpl.hp.com/index.html�
http://en.wikipedia.org/wiki/Image:Intel_4c_100tag.svg�
http://www.fzk.de/fzk/idcplg?IdcService=KIT&lang=en�
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& Logn/ crezte account

Main Page

Welcome to FZI Cloud Wiki

Intreduction to Cloud Computing

In the news

"Buikfing on compute and storage virealzation, and leveraging the modam Web, cloud
computing provides scalsble, network-centric, sbstracted T infrastructure s= on-demand
services that are billed by consumption.”

Overview | Learning material | Hot Trends in Cloud Computing | ClowdyTimes Blog
Cloud Computing Research Focus: Business Engineering

Cloud computing is widely perceived as a disruptive technology that is about to change
the fundamentsls of |CT business. Within the scope of our research activities we want to
understand the cloud ecosystem and its players, valuste the benefit that this emenging
technology provides and discuss the strategic implications. Dwing so, we are going to
present a structured framework on how to appreach a TCO calculation in order to compars
cloud computing services to alternative |CT solrtions.

Cloud TCO calculation and comparison | Key players and the cloud ecosystem | Clowd
computing use cases and typical scenarios

Cloud Computing Research Focus: Service Technology
Cloud computing is an exciting technolegy that offers new ways to design and program

ICT services. Our research activities concentrate on cloud programming models,
frameworks and mi =5 well as ring cloud applications.

Hypertable

Opera Unite

|.B.M. to Help Clients Fight Cost and Complexity

The Dawn of Mansuver Warfare in [T Security

New York Times: Data Center Overload

Google Wave Federation Protocol

Annslidous 7 Virtual Infrastructure Management Framewaork

» Drizzle 7 A Lightweight SQL Database for Clowd and Web
McKinsey Report: Clearing the Air on Clowd Computing

Amazons Bl-on-the-fly wsing MapRedece-as-s-sarvice brings hugs

clowd dats crunching to the masses
Amazon Elastic Map Reduce
Envisioning the Cloud {marketspace
AppScale Overlay for Eucalyptus
AWS Toolkit for Eclipse available
Google App Engine Lets “our Web
Berkeley Relezzes Clowd Computin,
Processor Value Unit [PVYU] licensin
|EM partners with AWSE

Cloud Computing: Forscher haben n
iPhone Console for EC2

Small Web Hosts Turning to Mini Ck
Combining Clowds: Appirios Referkt
Facebook To Salesforoe

Cloud Computing Ontology

Bringing IT to Underserved Markets
= A maturity model for cloed computin

Thils page was Lst modiied 10:36, 18 June 2008, Thils pagie Fes Daen 30085580 3 655 timas. Priacy policy

Aot Choudivic Disclziners

» See also

» and soon the new ICE-Cloud-Feed

Random Thoughts of Markus Klems

Opera Unite

by Markus

i =
. o
E Opera Unite*¢ !
B
Opera 10 introduces a technology called Opers Unite, that

extends your brovser to become a Web server, The idea is to
enable non-technical people to serve and share content and
services from their local computer, such as file sharing, chat
rooms, Web hosting, remote access to music files, etc.

In a way, Opera Unite is an opposite trend to Cloud Computing
where content is distributed and services are provided from
large-scale data centers under the administrative domain of
single providers, such as Amazon or Google. Instead, Opera
Unite is a technology that borrovs from ideas known in P2P and
Grid Computing where hybrid user/provider models are common.

1 have been a big Opara fan ever since dua to the brovser’s
incredible speed (much faster and less resourca-hungry than
Firefox, at least on my system). Opera Unite could be the game
chanoer that Opera needs to comoet with IE and Firef

FZI

Pages
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And more Information (in German): 6.=I|
FZI
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Christian Baun, Marcel Kunze,
Jens Nimis, Stefan Tai:

Cloud Computing: Web-basierte
dynamische IT-Services
(Reihe: Informatik Im Fokus)
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Cloud Computing
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