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I Service Systems are configurations of
people, technology and information —
connected via value propositions
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I An Inter-disciplinary Perspective AT
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Business view: ICT view:
Services := Deliverable (vs. Product) Service := Software construct
means to ,transport‘ value = = SOA,
customer-provider interaction via Internet
~

Comprehensive view:
Service ;= activity to co-create value

— —~

Service Coordination /

Collaboration

: [ Governance
Joint value Innovation | ICT
creation . Pr]?cessf Service - Senrwr(r:]? enabled
ransformation Computing conomics
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I Agenda AT
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1. Introduction: Cloud Computing

2. Understanding the Cloud Ecosystem; understanding business
and technical (architectural) challenges

3. Understanding when (and when not) Clouds , compute®
(TCO — Total Cost of Ownership)
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I Why Cloud Computing? A
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B The classical problem

B Under-utilized server resources waste computing power (and

energy)
®m Over-utilized servers cause interruption or degradation of service
levels

® The emerging problem
® Highly dynamic scalability demands
B Time to market
B Affordable pricing

B Leveraging the modern Web
B Sophisticated infrastructure is available as Services
m Sufficient bandwidth makes Services a feasible option
® New mass market for computing utilities

. I-_ Forsciumgszenirum Karleruhe Universitat Karlsruhe (TH}
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I The Economist, October 23 Issue AN {
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® Cloud Computing lowers market barriers, thus enforcing
competition and specialisation...

® The next wave of business process outsourcing is yet to come...

@ Hardware is going to be a winner (with declining margins over time),
business application vendors will lose, unless they manage to
change their business model ...

® Netbooks, smartphones and other electronic devices with built-in
Internet access are going to be even more successful, allowing
users to tap into the cloud wherever they are...

® Headlines: e || =

by mremrrwes § rmer
ECOnomist =wisswe=

The long nimbus i

B o i

Clouds and judgment Intuthestnrm
Computers without borders m..,m?mw.m :

Highs and lows i
On the periphery

Creating the cumulus

Where the cloud meets the ground
Let it rise
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I What is Cloud Computing? AT
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... No single scientific community
... different research foci

... different business implications

Cloud Computing
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I A Definition AN {
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® Building on compute and storage virtualization, and leveraging
the modern Web, cloud computing provides scalable and
affordable compute utilities as on-demand services with variable
pricing schemes, enabling a new consumer mass market

. I-_ Forsciumgszenirum Karleruhe Universitat Karlsruhe (TH}
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I Agenda
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2. Understanding the Cloud Ecosystem; understanding business
and technical (architectural) challenges

Stefan Tai, IST 2008
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I Cloud Computing Players A
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® Cloud providers —raw cloud resources; laaS (infrastructure-as-a-
service)

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

B Cloud brokers — help broker some aspect of raw resources and
frameworks, e.g.,
@ server managers
B application assemblers
B application hosting

® Cloud application providers (SaaS)
® Cloud consumers — users of any of the above
50  Stefan Tai, IST 2008 R e e e @ Universitat Karisruhe (TH)
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I Players: Providers A
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® Programmatic access via Web Services and/or Web APIs
B “Pure” virtualized resources

®m CPU, memory, storage, and bandwidth amazon
Joyent webservices™
W Data store rv-'-_'
Gloud Computing
Brought to you with the power of the
O R . Joyent Accelerator”

B Virtualized resources plus application framework (e.g., RoOR,
Python, .NET)

B Imposes an application and data architecture
B Constrains how application is built

Google App Engine

i Forachungszenirum i o '\
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I Players: Cloud Brokers A{
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B Resells (aspects of) raw cloud resources, with added value
propositions
B Packaging resources as bundles

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

® Providing tools and dashboards
® Enabler of a cloud ecosystem

& Zimory
S RIGHT SCdLe"
(orph *

N G elastra enomaly
o \
- cohesiveFT
& |i I'IEI"OI'(LI assemble. deploy. manage (/
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I Players: Application Providers
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B Software as a Service (SaaS): Applications provided and
consumed over the Web

® Cloud usage (mostly) hidden

Stefan Tai, IST 2008

ﬁrce.com@

@ur_r_ess On Demand.”
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Apps

Google

™M Gmail = Google Docs
Email with up to 25 GB of storage per '\~ Create, share and collaborate on
custom email address, mail search documents in real-time.

tocls and integrated chat.

Google Sites

EJ Google Calendar
Coordinate meetings and company One-stop sharing for team
events with sharable calendars. information.

@")-') Google Talk . Security and compliance

Free text and voice calling around the J Set email policies and recover

world. deleted messages.

Mipragodt

Office Live
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Evolving
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Ecosystem

Cloud
Resource
Service
Providers

Cloud
Platform
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PhP Cake Django

Ralls JavaEE
(PHF) (Python) (Ruby) (ava)

Framework layer
{exposes various common application components as services, e.g., emal, transactions,
databases, object caches, view caches, and 50 on)

®, and restart) \

- o e —

_B N

Hardware layer

(heterogenous mix of servers, slorage, nelwork switches, ...}
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I Cloud Markets
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I Agenda AT
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3. Understanding when (and when not) Clouds , compute®
(TCO — Total Cost of Ownership)
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I Demand predictions cost money ST
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A

Infrastructure
cost Loosing
customers
Large capital — —
expenditure i 4
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- = == == Predicted demand Actual demand %
@©
Traditional Infrastructure Infrastructure-on-demand 2
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I Diverse demand patterns exist AT
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Infrastructure cost Seasonal demand spikes
A
Traditional Infrastructure
Actual demand
On-demand Infrastructure
>
time
Infrastructure cost
A Rapid, unexpected

exponential growth

>

time

a Forsch Karlsruhe i it
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I Cloud Computing TCO

60

/Collect real-world\

use cases and
identify typical
scenarios

Stefan Tai, IST 2008

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

r
—

Forschungszentrum Karlsruhe
in der Helmhohlz-Gamealnachalt
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Strategic evaluation
* understanding the cloud
ecosystem

» discovering new markets

* project-specific decision
support

* provider lock-in problems
» SLAS, policies, and
compliance

Cost estimation &

comparison

» TCO comparison

» utility computing modeling

« application of valuation tools

Universitat Karlsruhe (TH)
Research University - founded 1825



| TCO !
Framework

Source:

M. Klems, J. Nimis, S. Tai:
,D0 Clouds Compute?“, 2008

61 Stefan Tai, IST 2008

Business Scenario

Business
1 1 - Internal BB BIC
¢ Domain processes
'l 1 2 Business Cost Avoid SLA Shorttime to
. Objectives efficiency violation market
1 Demand expected demand unexpected ¢
‘ Behavior Seasonal “Slashdot
Demand Effect”
Technical
1.4 ' Scalability || Availability Ease of
¢ ¥ Requirements deployment
2 Cloud Computing service* 3 Reference model **

2. Calculate Cloud

2 . 1 Resource usage 3 i 1 Resource usage
I—Storage Processing = Datatransfer Storage Processing | Datatransfer
/ Utility Computing model 3_2 Referencemodel
i Direct
Direct costs 3 i 3 - IT staff
Indirect | service Indirect | Rollout
2 . 4 costs outage 3 . 4 costs delayed

Cost comparison

* e.g. Amazon EC2 and S3, FlexiScale, Mosso (Rackspace), Joyent, Skytap, etc.
** e.g. purchase hardware, rent data center connectivity and rack space , etc.

AIT

Karkruhe Institute of Technoloagy

1. Model the
Scenario/Application

3. Calculate TCO of

alternatives

Universitat Karlsruhe (TH)
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I Sample Applications

Business Scenario: TimesMachine

Internal
processes

Cost
efficiency

Seasanal
Demand

Scalability

Cloud Computing service*

Storage Processing = Data transfer

EC2 Compute Units (ECU)

HECU x time + storage

B2B B2C
Avoid SLA Short time to
violation market
. “Slashdot
Batch job
e Effect”
Availability Ease of Largefsclale
deployment processing

Reference model **

Storage Processing = Data transfer

Purchase and installation
of commodity hardware

Purchase costs, costs of

+ data transfer installation, ...
Roll out
Learn to use EC2 Hebyed
Cost comparison
* Amazon EC2 and 53
62 ** purchase commodity hardware, in-house installation and configuration

AIT
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Business Scenario: Major League Baseball

Internal

B2B B2C
processes
Cost Avoid SLA Shorttime to
efficiency violation market
Seasonal “Slashdot
Demand Effect”
s — Ease of
Scalabili Availabili
ty ty deployment
Cloud Computing service*® Reference model**
Storage Processing | Datatransfer Storage Processing | Datatransfer
Purchase additional blade
servers and rack space
Purchase costs, costs of
installation, ...
Roll out
delayed
Cost comparison
* Joyent

** purchase additional data center rack space and servers

r

sruhe (TH)
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I Summary: There are many Clouds... AT
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Enterprise applications
(e.g., salesforce.com)

Consumer applications Applications
(e.g., Google desktop apps)

Social networking applications

Frameworks and runtimes

(e.g., Google App Engine)
Workforce services

(e.g., Amazon‘s Mechanical Turk)

Compute power
(e.g., Amazon‘s EC2)

Storage
(e.g., Amazon‘s S3)

Forsch Karlsrube i i
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Opportunities in the hands of many %(“:

Organizations of all
kinds and sizes

® Specialized and highly-skilled
organizations

Stefan Tai, IST 2008

e Institute of Technalogy

Applications

.Many":
Networks of
(end-)users
& micro-
markets / the
,long tail*

Platforms

Forschungszentrum Karlsruhe Universitat Karlsruhe (TH)
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I ...and In Karlsruhe AT
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University of lllinois, KIT, Karlsruhe,
Urbana Champaign Germany

Intel Research,
Pittsburgh

Yahoo! Researc
Sunnyvale

HP Labs,
Palo Alto, Bristol Infocomm Development

Authority, Singapore

LABS™

_r_ Forachinasa mdrun Laisrubs A Liniracmizh Wariar he (TH)
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http://cloudtestbed.org/

I http://cloudtestbed.org

® Promote B Technical Benefits
® collaborative cloud B Allow federated cluster
computing research experiments/benchmarks
among industry, ® Allow innovation at all

academia and

government on levels of the cloud

computing infrastructure

® cloud computing stack
software, B Commitment to openness
B data-center in sharing software, tools,
m?na%em’[ent q best practices
infrastructure an -
B Collection of usage
. Ihf?[rdwatre atlan statistics
nternet scale . .
m Availability b d of ® Diversity of research
vailability by end o areas

2008

i Forschungszenirum Karlsruhe H 5 M
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I Cloud Computing Resources
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http://cloudwiki.fzi.de

AIT

Karkruhe Institute of Technoloagy

@ Main Page - CloudWiki - Mozilla Firefox
Datei Bearbeiten Ansicht Chronik Lesezeichen Extras Hilfe

GB- c

£ Meistbesuchte Seiten ’ Erste Schritte 5y, Aktuelle Nachrichten

& (B | hetp//cloudwiki.fzi.de/index. php/Main_Page

page discussion view source history

Main Page

15
Welcome to FZI| Cloud Wiki
navigation Definitions
= lain Page i
= News Cloud Grid SaaS ULy Al Definitions
= Interesting Links Computing

= Recent Changes
Cloud Providers

meta
" Hep Cloud providers are companies that provide compute resources "in the
search cloud”. A list of current cloud providers can be found here.

Applications and Services
(&) Pp
toolbox Applications and semwvices that consume their processing and storage
resources from a compute cloud can be called cloud apps or cloud
services. Here is a list of interesting cloud apps and semnvices.

= VWhat links here

Related changes
Upload file

Special pages Frameworks and Tools
Printable wersion

= Permanent link Both tools and frameworks are needed to build complex senices in the

cloud. Tool support is vital when it comes to deployment and monitoring
of cloud applications and senices. Frameworks, on the other hand,
provide for a structure that empowers software developers to

concentrate on the implementation of business logic rather than dealing
T3 O L 1 1 Le L. 1 L + 1 4 Limd ~F

==

&

- | Zimory

2 Login/ create account

In the news

How much is a unit of cloud computing? &

Facebook Releases Data Storage Cluster Code As
Open Source &

Vertica Systems launches Vertica Analytic
Database on EC2 &/

Cloud Storage as a Service &
Ellison: Mo Money In SaaS - Google Is The Risk&
Why Cloudware and why now? g

Scaling Large Projects With Erlang &

Amazon EC2's spam and malware problems &7

Cloud Computing is Hot at Railsconf&@

10 Reasons Enterprises Aren't Ready to Trust the
Cloud &

Underneath the Covers at Google: Current Systems
and Future Directions &7

a methodology for cloud computing architecture &

Dissecting today’s Internet traffic spikes &

Yahoo forms Cloud Computing & Data Infrastructure
Group?

-

m
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I www.eOrganization.de
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& Mozilla Firefox

& -c

2 Meistbesuchte Seiten ,' Erste Schritte

Datei Bearbeiten Ansicht Chronik Lesezeichen

fh | v | http://eorganization.appspot.com/ -

Extras Hilfe

Altuelle Machrichten

eQrganization

QOverview

Contact KIT

Ms Filla Schmiat
Linfversiiat Karisruhe (TH)
Inslie AIFE

Englarstr. 11

D-78131 Karisruhe
Gamany

Tel +40 (T27) 0060035
Fau #40 (727) 0060552

Contact FZI

M5 Halks Danmer
Farsch: '_'.'l;lSIé'L"' L It
IFE Department
Halg-und-Neu-Sir. 10-14
D-78131 Karisruhe

Gamany

Tel +40 (727) 0054707
Fau =40 (T27) 0054700

Shorteuts

Teaghing winger 2005
Thesls offars
Job offars

Latest news
arche

There are cumanty no News

&:-T_ powarad by
I e G glE App Em;in-a-I

People Research Teaching

eOrganisation research group

The eOrganization research group explores challenging research problems in the field of
service computing. Our rezearch aims to contribute to a better understanding, design, use,
and impact analysis of medern information and communication technology, in particular Web
technology, in suppert of business and people networks in an increasingly services-led
economy. Our research is set in the multi-disciplinary context of leveraging the Internet as a
combined computing platform, a business platform, and a collaboration platform.

The research group consists of two teams: the "Economics and Technology of
e0rganization” team at the KIT (Karlsruhe Institute of Technology, University of Karlsruhe),
and the "Dynamic Service Nets” team at the FZI| (Forschungszentrum Informatik). At the KIT,
the team is part of the Institute AIFB and the KSRI (Karlsruhe Service Research Institute). At
the FZ|, the team iz part of the IPE (Information and Process Engineering) department.

Research Group eOrganization
Head: Prof. Dr. Stefan Tai

gg(l Economics and Dynamic
: Technology of 71 Service
o i eQrganizations Nets

Lead: Dr. Christian Zirpins Lead: Mr. Jens Nimis

AIFBOD k.0 e

e0rg @ Institute e0rg @ Institute
AIFB KSRI

DSH @ Information Process
Engineering

*fioi aMe Curmently not lagged In - Login

=l =
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I AIFB —www.aifb.uni-karlsruhe.de

@; Institut AIFE - Portal - Mozilla Firefox
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Datei  Bearbeiten Ansicht Chronik Lesezeichen Extras Hilfe

Q c

2 Meistbesuchte Seiten ’ Erste Schritte -

AIFBO

Lehre/Priifung

Personen

Forschungsgruppen

Projekte
Berichte
Veranstaltungen
Stellenmarkt
Kooperationen
Kontakt

AIFB Home
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Altuelle Nachrichten
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Willkommen am Institut AIFB
Universitat Karlsruhe (TH)

Institut fiir Angewandte Informatik und Formale Beschreibungsverfahren

Prof. Dr. A. Oberweis, Prof. Dr. H. Schmeck, Prof. Dr. D. Seese, Prof. Dr. W. Stucky,
Prof. Dr. R. Studer, Prof. Dr. 5. Tai

m

.. Shortcuts ... Aktuelles

« Uber uns: Highlights,
Presseinformationen

... Hinweise fur Besucher ...

... Diplomarbeiten ..

... Lehre Sommersemester
2008 ..

... Grundlagen der Informatik | ...
... Angewandte Informatik Il ...
... ILIAS-verwaltete Kurse SoSe
2008 .

.. Verein AlK ..
AIEB_lahrechericht 07 N8 s
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I KSRI —www.ksri.uni-karlsruhe.de
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@ KSRI- Karlsruhe Service Research Institute - Moxzilla Firefox

=N =R 5

Datei Bearbeiten Ansicht Chronik Lesezeichen Extraz Hilfe
r (G 7y ':; Q | hitp:/Swww.ksri.uni-karlsruhe.de/ 77 ~ | |Gl | Google P
2, Meistbesuchte Seiten P Erste Schritte 3 Aktuelle Nachrichten
]( "
A o =
qv—\ Karlsruhe Service Research Institute > English
Home iUlber uns Forschung Lehre Events Presse Kontakt
Home
Willkommen Griindungspartner
Die Universitat Karlsruhe (TH) hat mit
Das Karlsruhe Service Research Institute (KSRI) Unti;:'stcutlzqu von IIBM hdas .
entwickelt Konzepte, Methoden und Technologien fir interfakultative Karlsru 1€ Service
Research Institute gegrindet. In

Innovatoren und Entscheider, um in einer
zunehmend "Services-Led Economy” ckonomischen
Mehrwert zu erzeugen und zu nutzen.

Wir verwenden einen holistischen, interdisziplindaren
Ansatz um geschadftsrelevante Probleme entlang der
Dimensionen "Menschen”, "Organisation”,

“Information™ und "Technologie” zu lésen.

" First Karlsruhe Service

Lehre am KSRI im .
4 Summit

Wintersemester 08/09

einem  industry-on-campus” Konzept
arbeiten vier Forscher der IEM eng mit
Wissenschaftlern der Universitat
Zusammen.

"Als fithrendes
Dienstleistungsunternehmen wollen wir
zusammen mit der Universitdt
Karisruhe beim Thema Services
Science in Deutechland Malstdbe
setzen.”

Martin Jetter, Vorsitzender der
Geschaftsfiuhrung der IBM Deutschland
GmbH.

Auf einen Blick

Audiovisuelle Prasentation Gber
Service Research und das KSRI bei
den IBM Academic Days 2008

* Prasentation starten

4 | [
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I FZI —www.fzi.de

 Forschungszentrum Informatik (FZT) - - Mozilla Firefox
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@:‘_‘-' C X A (B nttprrwtnides

‘f_}’ - | '| Google

£ Meistbesuchte Seiten $ Erste Schritte 5, Aktuelle Nachrichten

5
FZI

Automotive
Gesundheitswesen
oduktion und Logistik

Informationsdienstleistung und Software

Volltextsuche:

Software Engineering

Information Process Engineering

Embedded Systems and Sensors Engineering

Intelligent Systems and Production Engineering

Setzen Sie mit uns zusammen die neuesten Erkenntnisse aus der Informatik, den

Neue Technologien fiir lhren Erfolg

[]

[22]

Aktuelle Meldungen

¥ Projekt MATURE auf der
Frankfurter Buchmesse

¥ do it konferenz 2008

¥ FZI gewinnt mit Projekt Stroke
Angel den Golden Helix Award
2008

¥ Engagement fiir die iRegion
Karlsruhe, das Internet der
Zukunft

¥ Karlsruhe ist Power-Region
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