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Cloud Computing - big topic/hype AT

@ Big topic (hype) in the press since autumn 2008

Gartner Identifies Top Ten Disruptive Technologies for 2008

to 2012

MELBOURNE, Australia, May 28, 2008 — Social networking technologies, web
mashups, multicore and hybrid processors and are amongst the
ten most disruptive technologies|[1] that will shape the information technology (IT)
landscape over the next five years, according to research and advisory firm Gartner,

Inc.
Larry Ellison on cloud computing buzzword:
"Complete glbberlsh"
A o Cloud computing is a trap, warns
Web 2.0: Article .
) GNU founder Richard Stallman
ClOUd H}fpe at Helght: Gartner Web-based programs like Google's Gmail will force
It’s supposed to be 2—5 years away from mainstream adoption people to buy into locked, proprietar}"r systems that will

cost more and more over time, according to the free
software campaigner

CIGUd C’Gmle'tlng: HOt tec}lnﬂ]ﬁgy fOr 2009 Bobbie Johnson, technology correspondent
Proceed with caution guardian.co.uk, Monday 29 September 2008 14.11 BST

By Neal Weinberg ., Nefwork Wordd | 0105820059

As we arrive at 2009, cloud computing is the technology creating the most buzz. Cloud
technology is in its infancy, however, and enterprises would be wise to limit their efforts to
small, targeted projects until the technology matures and vendors address a variety of
potentially deal-breaking problems.
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LAST YEAR WE
RECOGNIZED THAT OUR
PROCESSES WERE FAR

geek & poke

I Why do we want/need Cloud Computing? T

Karlsruhe Institute of Technology
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SO WE PUT THEM
INTO THE CLOUD
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TOO COMPLEX

—
-

@ Cloud Computing shall:
@ revolutionize IT
@ reduce (eliminate) complexity
@ getting IT more flexible

(elastic)

@ reduce cost
@ provide easy resources

dCCess

@ fulfill users demands
@ emancipate the users

in der Helmhaltz-Gemeinschaft Forschungsuniversitat « gegriindet 1825

Forschungszentrum Karlsruhe @ Universitat Karlsruhe (TH)



I Definitions (Cloud / Grid) AT
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Cloud Computing is on-demand access to
virtualized IT resources that are sourced inside [ ~+& > = w
or outside of a data center, scalable, shared by
others, simple to use, paid for via subscription :} cﬁ::} @—
or as you go and accessible over the web.

Dr. Behrend Freese (Zimory GmbH) _® /_\
A computing Cloud is a set of network enabled S|
on demand IT services, scalable and QoS Z 3
guaranteed, which could be accessed in a i,
simple and pervasive way. IR e A

Dr. Marcel Kunze (SCC/KIT)

Grid computing is coordinated resource sharing and problem solving in
dynamic, multi-institutional virtual organizations.

lan Foster (Argonne National Laboratory)

A computational grid is a hardware and software infrastructure that
provides dependable, consistent, pervasive, and inexpensive access to
high-end computational capabilities.

lan Foster & Carl Kesselman

_I-_ Forschungszentrum Karlsruhe Universitat Karlsruhe (TH)
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I Cloud Comuting # Grid Computing AT

Karlsruhe Institute of Technology

Cloud Computing Grid Computing

Geographically distributed,
heterogeneous resources without central
control. Follows the principle of virtual
organizations

One or few data centers containing
heterogeneous or homogeneous
resources under central control

Virtualized resources Physical resources
Fully automated Services Handcrafted Services
(Industrialization of IT) (Mostly Manufacture)

Publicly funded.
Usage is for free if the resource owner
approves resource access

Commercial business model
(Pay-as-you-go)

Easy to use and deploy.

No complex user interface required Difficult to use and deploy

Used first and foremost by research and
academic organizations
(Large-scale scientific projects like LHC)

Used primarily in industry and business
(Big chance for Startups)

Universitat Karlsruhe (TH)

Forschungsuniversitat - gegriindet 1825

Forschungszentrum Karlsruhe
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I Three technical Types of Cloud Services QAT

Higher Level
Services
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Google Apps  Gmail

Ervice)

Salesforce.com Gliffy Oracle Saas Platform

‘ Paa S Google App Engine Microsoft Azure Services Plattform

(Platform as a Service)

Rackspace Cloud (Mosso)  Force.com

3 (Infrastructure™as

3tera

3 Service)

Amazon EC2
GoGrid

Flexiscale Joyent

-
Hardware

154000

AN, AN,

Servers, Networks, Storage, Computing Power

Forschungszentrum Karisruhe Universitat Karlsruhe (TH)
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I SaaS: Software as a Service AT

Karlsruhe Institute of Technology

@ Provides enterprise quality software that is run by a service provider
@ Nothing has to be installed locally

@ The user has no need to worry about:

@ Installation

@ Administration

@ Updates

@ Software-Licenses
@ Popular Examples:
Clarizen: Collaborative online project management tools
Employease: Human resources information system
Gliffy: Online Diagram Software
Google docs: Free and collaborative Web-based office applications
Salesforce.com: Customer relationship management tools
SlideRocket: Online (collaborative) presentation tool
Zoho: Suite of online tools for small businesses (Apps, CRM, Project,...)

( SaaS ) =
(Paas ) AP Employease Google docs

Connect Your Business
(laas )| . rce ‘ |
sales .com ' 2 01 @ I
( H a rdwa re ] Success. Not Software! Sl IderOCket gllﬁg
] Universitat Karlsruhe (TH)

Forschungszentrum Karlsruhe
Forschungsuniversitat « gegriindet 1825
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I PaaS: Platform as a Service AT

Karlsruhe Institute of Technology

Integrated development, runtime and/or test environment as a service

Supports typically one or more programming languages
Appears as one single large computer
@ Makes it simple to scale from a single server to many

No need to worry about the operating system or other foundational
software

Developers and not users are the main target group of PaaS services.
Popular Examples:

Bungee Connect: Web application development and hosting

Force.com: Developing and deploying customer relationship management apps

Google App Engine: Platform for developing and hosting Python and JAVA web
applications in the Google datacenters

Microsoft Azure: Platform that allows developing, hosting Windows applications
in Microsoft datacenters.

Zoho Creator: Platform for building and running online databases

( SaasS )|

( PaaS ) Y BUNGEE &% force 0( ’8

Dream. Build. Succeed. App Engine

(1aasS ]

: :
( Hardware ) i Windows Azure Y] Creator

N F h nti Karlsruh i ita
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I laaS: Infrastructure as a Service AT

Karlsruhe Institute of Technology

@ Abstracts away the hardware (servers, network,...)

@ allows to run virtual instances of servers without ever touching the
hardware

@ A user interface is provided by the service provider, allowing the users...
@ create, control and terminate the virtual instances
@ change the quantity of resources, the virtual instances are equipped with
@ define and change virtual network devices

@ Popular Examples:

@ Amazon EC2: Linux, Windows and Solars VM hosting in the Amazon datacenters
@ GoGrid: Linux and Windows VM hosting
@ FlexiScale: Linux and Windows VM hosting
@ Joyent: OpenSolaris hosting
@ Rackspace cloud: Linux VM hosting
@ Todo flexIT: Linux and Windows VM hosting
@ Only consumed resources are accounted following the pay-as-you-go principle
( PaaS )| o -loye“t flex*isvvc‘:ale”
(1aas ) )
( Hardware ) rackspace(:? todo
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I Three organizational Types of Cloud Infrastructures __\\j(“'

Karlsruhe Institute of Technology

@ Public Clouds (respectively External Clouds)
@ Customer and Cloud provider do not belong to the same organization
@ Commercial business model (Pay-as-you-go)
@ Private Clouds (respectively Internal Cloud or Intra Cloud)
® Cloud services are provided from the users organization
® Main reasons for Private Clouds: Security concerns and R&D
@ Hybrid Clouds
® Cloud services from one or more Public and Private Clouds are used

@ Use cases:
@ Public Clouds help to manage load peaks
@ Backup a Private Clouds data in Public Clouds

User-
Organisation C
User-
Organisation A

Provider-

User- Organisation D

Organisation B Provider-

, Organisation F
Private Hybrid
Cloud Cloud Provider- Public Cloud
X Organisation E

F h Karlsruh i ita
10 | Christian Baun | GridKa School 2009 | September 1st 2009 1 T s @ Universitat Karlsruhe (TH)
I—_ Forschungsuniversitat « gegriindet 1825

Private
Cloud

Private
Cloud




I Commercial Cloud Offerings (Small Excerpt) _\ﬂ(IT

Karlsruhe Institute o f Technolo gy

e amazon  Micresoft
INTE Kitera.
POWER OF NETWORK.COM o e

i MOSSO @® Path

(7] coGRID

Control in the Cloud™

~

invent

flexiscale :
EnGing

Joyent VERIO “toqo CITRIX L

@ Commercial Cloud offers are usually proprietary and therefore not open for
building Private Clouds and for Cloud systems research and development!

B Users are afraid of a vendor lock-in

11 | Christian Baun | GridKa School 2009 | September 1st 2009 P T R e @ Universitat Karlsruhe (TH)
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http://open.eucalyptus.com

I Eucalyptus :;7’ Eucahfptus
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EUCALYPTUS - Elastic Utility Computing Architecture for Linking Your
Programs To Useful Systems

Open Source software infrastructure for implementing Cloud
Computing on clusters from UC Santa Barbara

Developed at UC Santa Barbara
Implements Infrastructure as a Service (laaS)

Gives the user the ability to run and control virtual machine instances
(Xen, KVM) deployed across a variety of physical resources

Interface compatible with Amazon EC2, S3 and EBS
Includes ,,Walrus*, a storage service (provides S3 functionality)

Potential to interact with the same popular tools, known to work with
Amazon EC2, S3 and EBS e.g. S3 Curl, ElasticFox, s3cmd, ...

Allows you to avoid vendor lock-in by enabling migrating data and
services to an AWS-compatible private cloud

Eucalyptus is an important step to establish an open Cloud Computing
infrastructure standard

I et upees ot Knribiutie Universitat Karlsruhe (TH)
in der Helmholtz-Gemeinschaft R .
I—_ Forschungsuniversitat - gegriindet 1825




http://open.eucalyptus.com

I Eucalyptus - Components :)77’ Eucalyptus

User Amazon EC2, S3

1 cor?‘lwi:si‘ble . and EBS Interface Cloud Walrus
__ o Public Network 8773/https ontroller (CLC (s3)
= 8443/http
User

‘ AWS =
- compatible S

..

— tools
User

F AWS .
- compatible Public Network

tool

— ools

8774/http

(Site B Site n |

Cluster
Controller (CC)

Cluster
Controller (CC)
Private Network

Node E Node
Controller

Controller

Private Network

87?5mt
E =

Node
il

Node
Controller

Node
Controller

=

Node
Controller

Node
Controller

Controller

=

Node
Controller

Node
Controller

Node
Controller

Node
Controller

Node
Controller

Node
Controller

\.

\

\.

@ CLC: Collects resource information for the CC. Operates like a meta-scheduler
@ CC: Schedules the VM distribution to the NC. Collects (free) resource information
@ NC: Controls Xen-Hypervisor or KVM. Provides resource information to the CC
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I Eucalyptus at KIT AT

Karlsruhe Institute of Technology

@ Private Cloud Installation | (Eucalyptus 1.4) user [l
@ Runs stable =
@ Plattform for performance testing /
® 2x IBM Blade LS20 Blade1| |Blade2| |Blade3| |Blades
) 2 Slngle Core Opteron (2,4GHZ) (LS20) (Ls20) (H521) (H521)
® 4GB RAM e
® 2x IBM Blade HS21 v

@ 2 Dual Core Xeon (2,33GHz) e

® 16GB RAM vy [[¥][]Y¥

: NC NC NC NC
® Runs stable at KIT since February 2009 e | | oem | | oem | 1 oem

@ Private Cloud Installation Il (Eucalyptus 1.5.2)

@ Under construction
® 5x HP Blade ProLiant BL2x220c

@ 2 Server per blade:
@ 2x Intel Quad-Code Xeon (2,33GHz)
@ 16GB RAM

14 | Christian Baun | Gridka School 2009 | September 1st 2009 i in der Helmholtz-Gemeinschaft = e )
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I Eucalyptus (installation) T

Karlsruhe Institute of Technology

@ Binary packages exist for CentOS, openSUSE, Debian and Ubuntu

http://open.eucalyptus.com/downloads
http://open.eucalyptus.com/wiki/EucalyptusAdministratorGuide_v1.5.2

@ Eucalyptus can be installed from source also
http://open.eucalyptus.com/wiki/EucalyptusSourceCodelnstallation_v1.5.2

@ Requirements: 2 1 computer running with Linux and a functional
Xen Hypervisor or Kernel-based Virtual Machine (KVM)

® For KVM, a modern CPU with AMD-V (Pacifica) or Intel VT (Vanderpool)
is needed

@ Amazon EC2 command line tools to control Eucalyptus
@ ec2-api-tools-1.3-30349
@ ec2-ami-tools-1.3-26357

F h nti Karlsruh i ita
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http://open.eucalyptus.com/downloads
http://open.eucalyptus.com/wiki/EucalyptusAdministratorGuide_v1.5.2
http://open.eucalyptus.com/wiki/EucalyptusSourceCodeInstallation_v1.5.2

I Using Eucalyptus T

Karlsruhe Institute of Technology

@ Shows the cluster's front-end hostname, free resources, instance types,
available NCs:

# ec2-describe-availability-zones verbose

AVAI LABI LI TYZONE I wr hpcl ust er UP scchpbl ade03a

AVAI LABI LI TYZONE | - vm types free /| max cpu ram di sk

AVAI LABI LI TYZONE | - nil. smal | 0038 / 0048 1 128 2

AVAI LABI LI TYZONE | - cl.nmedium 0038 / 0048 1 256 5

AVAI LABI LI TYZONE | - ml. | arge 0016 / 0024 2 512 10

AVAI LABI LI TYZONE | - nml.xlarge 0016 / 0024 2 1024 20

AVAI LABI LI TYZONE |- cl.xlarge 0005/ 0012 4 2048 20

AVAI LABI LI TYZONE | - 141.52. 167. 65 certs[cc=true,nc=true] @Mn Aug 31
21:05: 13 UTC 2009

AVAI LABI LI TYZONE | - 141.52.167. 66 certs[cc=true,nc=true] @ Mn Aug 31
21:05: 13 UTC 2009

AVAI LABI LI TYZONE | - 141.52.167. 67 certs[cc=true,nc=true] @Mn Aug 31
21:05: 13 UTC 2009

AVAI LABI LI TYZONE | - 141.52.167. 68 certs[cc=true,nc=true] @ Mn Aug 31
21:05: 13 UTC 2009

AVAI LABI LI TYZONE | - 141.52.167. 69 certs[cc=true,nc=true] @ Mn Aug 31
21:05: 13 UTC 2009

AVAI LABI LI TYZONE | - 141.52.167.71 certs[cc=true,nc=true] @Mn Aug 31

21:05: 13 UTC 2009
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I Register Images T

Karlsruhe Institute of Technology

@ Register a Filesystem-Image:

# ec2-bundl e-i mage -i debi an5.i ny
# ec2-upl oad-bundl e -b i nage-debi an5 -m /tnp/ debi an5. i ng. mani fest. xm
# ec2-register inmage-debi an5/ debi an5.ing. mani fest. xm

@ Register a Kernel-image:

# ec2-bundl e-image -i /boot/vminuz-2.6.26 --kernel true
# ec2-upl oad-bundle -b kernel 26 -m/tnp/vm inuz-2.6.26. mani fest. xmn
# ec2-register kernel 26/vm i nuz-2.6.26. mani fest . xni

@ Register a Ramdisk-Image:

# ec2-bundl e-image -i /boot/initrd.ing-2.6.26 --randi sk true
# ec2-upl oad-bundle -b randisk26 -m/tnp/initrd.ing-2.6.26. mani fest.xn
# ec2-register randisk26/initrd.ing-2.6.26. mani fest.xm

17 | Christian Baun | GridKa School 2009 | September 1st 2009 [ o Yoo e @ Universitat Karlsruhe (TH)
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I Control Registered Images

@ Registered images gets an unique identifier:

@ Eucalyptus Machine Image: em - XXXXXXXX
@ Eucalyptus Kernel Image: eki - XXXXXXXX
@ Eucalyptus Ramdisk Image: eri - XXXXXXXX

@ Get information about registered images:

# ec2-describe-i mages

| MAGE em -1DE4116D i mage-debi an5/ debi an5. i ng. mani f est . xmi

AT

Karlsruhe Institute of Technology

adm n avai l abl e public x86_64 machi ne
| MAGE eki-791612FF kernel 26/ vl i nuz- 2. 6. 26. mani f est . xm
adm n avai l abl e public x86_64 ker nel

| MAGE eri-CFBE1450

18 | Christian Baun | Gridka School 2009 | September 1st 2009

randi sk26/initrd.ing-2.6.26. mani f est. xm
adm n avail abl e public x86_ 64 randi sk

T e LU Universitat Karlsruhe (TH)
_I__ in der Helmholtz-Gemeinschaft
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I Keypair creation and running instances AT

Karlsruhe Institute of Technology

@ Create and register keypair:

# ec2-add-keypair nykey > nykey. private
# chnod 0600 nykey. private
# ec2-descri be-keypairs

KEYPAI R nykey
33: da: 6e:13:96: e6:f7: 3b: b7: 34: a6: 28: ba: 2f: 64: ab: 83: 70: ef : 70

@ Run instances:

# ec2-run-instances em -1DE4116D --kernel eki-791612FF
--randi sk eri-CFBE1450
-k nykey -n 2 -t ni. snal |

B -k <keypair>

B -n <#instances>

B -t <instance_type>

B -z <availability zone>
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I Control Instances and use them ..\\j(“'

Karlsruhe Institute of Technology

® Check instances:

# ec2-descri be-instances

RESERVATI ON  r - 3DDEO7D9 adm n def aul t

| NSTANCE i -4901084F em - 1DE4116D 141. 52. 166. 160 141. 52. 166. 160
runni ng nykey 0 mL. smal |

2009- 05- 13T13: 50: 37+0000 | wr hpcl ust er eki - 791612FF eri - CFBE1450
RESERVATI ON  r-42FA0732 adm n def aul t

| NSTANCE i - 463B0O8BE em - 1DE4116D 141. 52. 166. 161 141. 52. 166. 161
runni ng nykey 0 mlL. snal

2009- 05- 13T13: 50: 10+0000 | wr hpcl ust er eki - 791612FF eri - CFBE1450

@ Login to an instance via SSH:

# ssh -1 nykey.private 141.52. 166. 160

@ Terminate instances:

# ec2-term nate-i nstances |1 -4901084F | -463B08BE

F h Karlsruh i ita
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I Handy and popular tools for Eucalyptus AT

Karlsruhe Institute of Technology

@ The Amazon Web-Services (EC2, S3, EBS, ...) are very popular

@ Lots of handy tools supporting the AWS exist
® Many can be utilized with Eucalyptus
@ Why not all? Because the API-Release differs!

@ Some handy tools:

@ S3 Curl (command line tool)

m http://devel oper. anazonwebservi ces. com connect/entry.
j spa?external | D=128

® s3cmd (command line tool)
m http://s3tools.org/s3cnd

B s3fs (S3-Bucket can be mounted as local filesystem with FUSE)
m http://code. googl e. com p/s3fs/

@ ElasticFox (Firefox-Plugin)

m http://devel oper. anazonwebservi ces. com connect/entry.
j spa?ext ernal | D=609

F h nt Karlsruh i ita
21 | Christian Baun | GridKa School 2009 | September 1st 2009 | Attt @ Universitét Karisruhe (TH)
I—_ Forschungsuniversitat « gegriindet 1825



http://s3tools.org/s3cmd
http://code.google.com/p/s3fs/

I ElasticFox

@ Support to start,
monitor and
terminate
instances in a
user friendly GUI

Much more
comfortable than
command line
tools

AT

Karlsruhe Institute of Technology

Datei Bearbeiten Ansicht Chronik Lesezeichen Extras Hilfe

- @) @ ﬂ [@] | chrome:ffec2uifcontent/ec2ui_ main window,uul =

ﬁRegions IWR-Cloudz = Ocredentials admin_IWR-Cloudz2

= OAccount 1Ds

Instances | Images | KeyPairs Security Groups | Elastic IPs | Volumes and Snapshots | Bundle Tasks | Availability Zones | Reserved Instances

Your Instances

Don't show Terminated Instances

PR RON T RPN

G~ |co

Reservation D & | Ow... Instance ID AMI State Public DMNS Private DNS Type Local Launch Time (el
r-423307CC admin i-5343908B1 ami-367elled terminated 141.52,167.77 141.52.167.77 ml.small 2009-08-10 00:31:12
r-3C6A06BS lkunze i-4850089E ami-267elled running 141.52,167.76 141.52.167.76 ml.small 2009-08-02 11:31:15
r-49810249 admin i-463908A7 ami-367elled pending 141.52.167.80 141.52.167.80 ml.large 2009-08-10 00:31:56
r-48F307B6 lkunze i-4B5C0948 ami-367elled running 141.52.167.75 141.52.167.75 ml.large 2009-08-02 11:37:24
r-4DSD07C1 admin i-43CDO8EE ami-367elled running 141,52,167.78 141.52.167.78 ml.small 2009-08-10 00:31:16
r-32DBAOBSF admin i-3A0806A1 ami-367elled4 pending 141.52,167.81 141.52.167.81 ml.large 2009-08-10 00:32:00
r-47960848 admin i-43700747 ami-367elled pending 141,52,167.82 141.52.167.82 ml.large 2009-08-10 00:32:02
r-3929070C admin -46DA0TSA ami-367elled terminated 141.52.167.79 141.52.167.79 ml.small 2009-08-10 00:31:19

Fertig S3rox

2]

N

@Tools QAbout

Datei Bearbeiten Ansicht Chronik Lesezeichen Extras Hilfe

v @) @ ‘G.TJ‘ [@) | chrome:jfec2ui/content/fec2ui_main_window.xul b

ﬁRegions IWR-Cloudz = OCredentials admin_IWR-Cloud2

e OAccount IDs

Instances Images KeyPairs Security Groups | Elastic IPs | Volumes and Snapshots | Bundle Tasks | Availability Zones | Reserved Instances

Images
Q0@ O norfiter |+
D v | Manifest

arifcl914d3 ramdisk2, 6, 26/initrd.img-2.6, 26-2-xen-amdé&4.ma..
debianSneu/debian. 5-0.x86-64.img. manifest, i
kernel2.6,.26v2/vmlinuz-2.6,26-2-xen-amd&4.man...

Archi... ®B
%86_64
PEECT———

¥86_64

Owner

Visibility

aki-cdefl43a

aki-578cl2la kernel25/umlinuz-2.6.25-14.fc9.i586.manifest.xm|  available admin 386
ari-a39e1370 ramdisk25/initrd-2.6.25-14 fc9.i586.img.manifest... available admin i386
ari-29cclSle ramdisk27/initrd-2.6.27.25-78.2.56.fc9.i586.img.... available admin i386
aki-dB85313c5 kernel27jvmlinuz-2.6,27,25-78.2,56.f¢9.i586.ma... available admin i386

Fertig

Q-+

Launch Permissions

QLUEOVV
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I AppScale

http://appscale.cs.ucsb.edu

Scale

@ Open Source reimplementation of the Google AppEngine

@ AppEngine allows to run web applications written in Python (and
JAVA) in the Google infrastructure

Developed at UC Santa Barbara
Implements Platform as a Service (Paa$S)

AppScale executes automatically and transparently in Eucalyptus

With AppScale a PaaS Cloud infrastructure can be build up that allows to
deploy, test, debug, measure and monitor Google AppEngine applications

inside a Private Cloud
Appload

AppScale Cloud

Database Master

Google AppEngine
App Developer -l
(AppScale Admin)

AppController

¢ oy
F
x Lanil
# AppScale Tools
’
—p
Database Slaves

Google AppEngine [ P\ APpServers HTTPS

App Users *---r
1
1

Quelle: Navraj Chohan
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I Summary AT

Karlsruhe Institute of Technology

@ Cloud computing is the next big thing
@ Promising approach to solve some of the major challenges of IT
@ Flexible and elastic resource provisioning
@ Economy of scale makes it attractive
@ Move from manufacture towards industrialization of IT

@ grid computing @ virtualization

Search Valume index Google Trends

Eucalyptus and AppScale enable laaS and PaaS as Open Source solutions with Linux

With commodity hardware and Open Source software, a private cloud can be build
up providing the same functionality and better performance compared to the most
popular public clouds

= Vendor lock-in is not an issue any more
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Coming soon - this autumn ST

Karlsruhe Institute of Technology

@ Awvailable in October 2009

@ First cloud computing book in
German language

@ Covers the latest topics in
cloud computing

Only € 14,95

C. Baun - M. Kunze - J. Nimis - S. Tai

Cloud

BR
an,
Oy,
€y
Vg

Computing

Web-basierte dynamische IT-Services

@ Springer
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I Thank you for your attention ST

Karlsruhe Institute of Technology
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