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- Basic Concepts

e Virtualization

— Hypervisor
* A.K.A Virtual Machine Monitor (VMM)

* Allows multiple operating systems to run concurrently
on a host computer— a feature called hardware
virtualization

* The hypervisor presents the guest OSs with a virtual
platform and monitors the execution of the guest OSs

* Type 1/native/baremetal: Xen
* Type 2/hosted: VMWare Server, Sun VirtualBox

\
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- Basic Concepts

e Virtualization

— Hardware-assisted virtualization

* Processor instruction set extensions that provide
hardware assistance to virtual machines

* These extensions address the parts of x86 that are
difficult or inefficient to virtualize, providing additional
support to the hypervisor.

* Enables simpler virtualization code and a higher
performance for full virtualization.

* Intel VT-x, AMD-V

\
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- Basic Concepts

05/07/2010

e Virtualization
— KVM

Kernel-based Virtual Machine

Full virtualization solution for Linux on x86 hardware
Requires processor with Intel VT or AMD-V

KVM does not perform any emulation by itself.

User-space program uses the /dev/kvm interface to set up
the guest VM's address space, feeds it simulated I/O and
maps its video display back onto the host's

KVM uses QEMU for its device emulation

Gustavo Ansaldi Oliva



- Basic Concepts

 Clouds

— Public/External Cloud

 Commercial cloud providers that offer a publicly-accessible
remote interface to create and manage virtual machine
instances within their proprietary infrastructure

— Private/Internal Cloud

* Provides local users with a flexible and agile private
infrastructure to run service workloads within their
administrative domain

— Hybrid Cloud

e Supplements local infrastructure with computing capacity
from an external public cloud

\
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Eucalyptus

* Owner
— Eucalyptus Systems

* License
— GNU GPL V3

e |Latest Version
— 1.6.2 (February, 2010)
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Eucalyptus

* Eucalyptus implements what is commonly referred to
as Infrastructure as a Service (laaS)
— (Virtualization + Storage + Network) as a Service

* Eucalyptusis an open-source software infrastructure
for the implementation of cloud computing on
computer clusters which provides an interface that is
compatible with the Amazon EC2 service

* Eucalyptus is not fault-tolerant

— http://open.eucalyptus.com/forum/eucalyptus-specs-
scalability-fault-tolerance-and-slightl
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4/ Eucalyptus

e Eucalyptus works with most of the currently
available Linux distributions

* Eucalyptus can use a variety of Virtualization
technologies including VMware, Xen and
KVM

* Eucalyptus offers a community cloud (ECC)

— Sandbox environment in which community
members can testdrive and experiment with
Eucalyptus
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Eucalyptus

* Main features
— Compatibility with Amazon Web Services API

— Installation and deployment from source or DEB and
RPM packages.

— Secure communication between internal processes
via SOAP and WS-Security

— Basic administration tools

— Able to configure multiple clusters as a single cloud
— Added support for elastic IP assignment

— Configurable scheduling policies and SLAs
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Eucalyptus

* Hybrid Cloud with Eucalyptus

Amazon AWS Public Cloud

AWS Components

Elastic Elastic

Storage
Compute Block Store E

Cloud Storage

Controller Controller

Eucalyptus Components

Eucalyptus Private Cloud
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Eucalyptus API

e Eucalyptus uses Euca2ools

* Euca2ools are command-line tools for interacting with
Web services that export a REST/Query-based API
compatible with Amazon EC2 and S3 services.

 Euca2ools can be used with both Amazon's services
and with installations of the Eucalyptus open-source
cloud-computing infrastructure.

 Euca2ools were inspired by command-line tools
distributed by Amazon (api-tools and ami-tools) and
largely accept the same options and environment
variables.
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Fuca2ools

* Query of availability zones (i.e. clusters in Eucalyptus)
* SSH key management (add, list, delete)

VM management (start, list, stop, reboot, get console
output)

* Security group management

* Volume and snapshot management (attach, list,
detach, create, bundle, delete)

* Image management (bundle, upload, register, list,
deregister)

* |P address management (allocate, associate, list,
release)
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Fuca2ools

81. cd .euca
a2. source eucarc
83. euca-describe-availability-zones verbose

AVAILABILITYZOME rosh-duster1 192, 168.0.114
AVAILABILITYZOME |- vm types free / max cpu ram disk
AVAILABILITYZOME |- m1.small 0004 f 0004 1 128 2

AVAILABILITYZOME |- c1.medium 0004 /0004 1 256 5
AVAILABILITYZOME |- m1l.large 0002 /0002 2 512 10
AVAILABILITYZOME |- m1.xlarge 0000 f 0000 2 1024 20
AVAILABILITYZONE |- cl.xlarge 0000 /0000 4 2048 20




Fuca2ools

euca-add-group
euca_conf
euca-delete-volume
euca-describe-keypairs
euca_killall
euca-run-nstances
euca-addtkeypair
euca-confirm-productdnstance
euca-deregister
euca-describeregions
eucalyptus-doud
euca_sync_key

euca-alocate-address

euca-create-snapshot

euca-describe-addresses
euca-describe-snapshots
euca-modify-image-attribute
euca-terminate-instances
euCa-assodate-address
euca-create-vaolume
a-describe-availability-zones
euca-describe-volumes

reboot-nstances

euca-unbundle
euca-attach-volume
euca-delete-bundle
euca-describe-groups
euca-detach-volume
euca-register
euca-upload-bundle
euca-authaorize
euca-delete-group
euca-describe-mage-attribute
euca-disassodate-address
euca-release-address
EUCa-VErSs || an
euca-bundle-mage
euca-deletekeypair
euca-desaibe-images
euca-download-bundle
eucareset-image-atiribute
euca-bundle-val

-snapshot

a-describe-instances
LK a-;let-u:cnnscnle -output
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- Eucalyptus - UEC

* Core element of the Ubuntu Enterprise Cloud
(UEC) cloud computing module
— Included in Ubuntu Server Edition
— Wizards to build private and public clouds

\

— http://www.ubuntu.com/cloud/why-ubuntu
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Setting Up Private Cloud in UEC

* All-in-one controller
* One or more working nodes (run VM instances)
* 1) Prerequisites
— Front end
* Cloud controller (clc)
e Cluster controller (cc)

* Walrus (the S3-like storage service)
* The storage controller (sc)

— One or more nodes
* Node controller (nc)

 2) Install the Cloud/Cluster/Storage/Walrus Front End
Server
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Setting Up Private Cloud in UEC
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Setting Up Private Cloud in UEC

[!1 Select cloud installation mode

Mo Eucalyptus cloud controller was found on your network. If this is
a mistake and there is in fact already a cloud controller, enter its
hostname or IP address here. O0therwise, leawve this blank.

Cloud controller address:

<Cont inue:

<Tab> moves; e> selects; <Enter: activates buttons




Setting Up Private Cloud in UEC

[11] Select cloud installation mode |

Mo Eucalyptus cloud controller found; install & cloud controller.

Cloud installation mode:

~ controlle
O controller
Mode controller

<Cont inue:

<Tab> moves; <Space> selects; <Enter: activates buttons




[!1 Configuring eucaluptus-cc

Enter a name for this cluster. The name should contain only ASCII
letters, digits, huyphens, and underscores. It will be shown to users
as the name of an avallability zone.

Eucalyptus cluster name:

<Cont inue:

<Tab> moves; acer selects; <Enter> activates buttons




Setting Up Private Cloud in UEC

[/l Configuring eucalyptus-cc

Eucalyptus reguires a pool of IF addresses that can be dynamically
assigned as the "public' IPs of virtual machines. These IFs must be
unused within their Class C subnet, this suystem must have an
interface configured with an address on this subnet, and uwour
prospective users must be able to connect to these IFs from wherewver
they run the client tools.

Flegse specify one or more ranges of IF addresses, e.g2.:
192.168.1.100-192.,168.1. 199

ar
192.168.2.50-192.168.2.99 1972.168.2.150-192.1658.2.199

You may leawve this blank if you hawve no IF addresses awvalilable, BUT
you and your users must then reguest the private addressing scheme
when starting a virtual machine instance. For ec2-run-instances and
euca-run-instances, this is done with the option “--addressing
private'.

<Continues

<Enter: activates buttons




¢ Setting Up Private Cloud in UEC

44
i !

e 3) Install the Node Controller

— Make sure that the node is connected to the network on
which the cloud/cluster controller is already running

— Boot from the same ISO on the node(s)
— Select “Install Ubuntu Enterprise Cloud”

— It should detect the Cluster and preselect “Node” install
for you

— Confirm the partitioning scheme

— The rest of the installation should proceed uninterrupted;
complete the installation and reboot the node
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/4 Setting Up Private Cloud in UEC

* 4) Register the nodes

— In Ubuntu 10.04 all registration is automatic with
the UEC CD Install
* Public SSH keys have been exchanged properly
* The services are configured properly
* The services are publishing their existence
* The appropriate uec-component-listener is running
— Refer to the following link when doing a package
install
 https://help.ubuntu.com/community/UEC/CDInstall
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Setting Up Private Cloud in UEC

e 5) Obtain credentials

— After installing and booting the Cloud Controller,
users of the cloud will need to retrieve
their credentials

— This can be done either through a web browser,
or at the command line

* https://<cloud-controller-ip-address>:8443/

* Use username 'admin' and password 'admin' for the
first time login
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Setting Up Private Cloud in UEC

e 6) Install an image from the store

— Image Store on the UEC web interface

75 vbuntu enterprise cloud 103050 1 3% samin | Logost

Credantialy  Images B Ussrs  Corfigurationn  Services  Exias

o ?lfrl'. calypius
SewTA
Images
Thet St i new It Rslliaantyg raagjuns fans b you e
AEEAN 5 O cR DTk S00N B Mns |Mag
L] et @10 REC - Karmi {amdBd
we | Image verslon: SO0S102 g 13 1
- Uburdu 810 Raeass Cardidaie im riifid
it (=]
untu .10 RE - Karmic { 1 sl
Leo | Image vension: FHH1Z2]
o Ubainiy 810 Fedaa ared st im fer 3BE
wrenicml 1 mgr
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- Setting Up Private Cloud in UEC

* 7) Run an Image

— There are multiple ways to instantiate an image
in UEC:

e Use the command line

\.

* Use one of the UEC compatible management tools
such as Landscape

e Use the ElasticFox extension to Firefox

— More info on
https://help.ubuntu.com/community/UEC/CDInstall
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- OpenNebula

e Main Contributors

— DSA (Distributed Systems Architecture) Research
at UCM (Universidad Complutense de Madrid)

— http://dsa-research.org/doku.php

* License
— Apache License v2 (2004)

e |Latest Version
— 1.4 (December, 2009)

05/07/2010 Gustavo Ansaldi Oliva
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\

OpenNebula

* OpenNebula is an open-source toolkit to easily
build any type of cloud

 OpenNebula has been designed to be integrated
with any networking and storage solution and so
to fit into any existing data center.

— Private cloud with Xen, KVM and VMWare
— Hybrid cloud with Amazon EC2 and ElasticHosts

— Public cloud supporting EC2 Query, OGF OCCl and
vCloud APIs

* Apache License v2 (2004)
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OpenNebula

3 ) [ e |

l MNeed raw l Meed to outsource l Need resources on which

iy frastr Uty klaad to instantiate services (web,
infrastructure axcess workioads DB, etc.) for their users.

Cloud interfaces (Amazon EC2 WS, Nimbus Cloud toolkits currenthy do not
WSHF, ElasticHosts REST, elc.) use virtual infrastructure
managers and, instead,
manage Wids themselves

fAmaznn EC2
and other

directhy, without praviding the
full set of features of V1

managers.

20/05/2010 Gustavo Ansaldi Oliva

Cloud Consumers
Meead flexible infrastructure on demand

Cloud MEHEIQE ment
Provide remote and secure interfaces for

creating, controlling, and manitaring
virtualized resources on an laas cloud.

Virtual Infrastructure Management

Provides primithves to schedule and manage
Whis across multiple physical hosts,

Virtual Machine Managers

Pravides simple primitives (start, stop,
suspend, etc.) to manage virtual
machines on a single host

30



OpenNebula

* Focus on the Virtual Infrastructure Management

Cloud User
Interface

Local User and
Administrator Interface

o
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/ OpenNebula — Fault Tolerance

e Fault tolerance is managed by a persistent back-
end database (sqlite3), that stores the hosts and
their VM information

* All virtual machine images are stored in a Image
Repository accessible from the OpenNebula
front-end

* When a VM start request is made, the VM is
copied (cloned) to the cluster node which will
then run the VM. When the image is closed, its
copied back to the front-end

05/07/2010 Gustavo Ansaldi Oliva
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OpenNebula — Fault Tolerance

Shared FS

—N e

e /srv/cloud/one = hold the OpenNebula installation and the clones for the
running VMs

* /srv/cloud/images =2 will hold the master images and the repository
* http://www.opennebula.org/documentation:rell.4:plan#tstorage

05/07/2010 Gustavo Ansaldi Oliva
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OpenNebula — EC2 Query API

* Implements a subset of the EC2 Query interface,
enabling the creation of public clouds managed by
OpenNebula

— upload image: Uploads an image to the repository manager

— register image: Registers an image (previously uploaded in the
repository manager) in order to be launched

— describe images: Lists all registered images belonging to one
particular user.

— run instances: Runs an instance of a particular image (that
needs to be referenced)

— terminate instances: Shutdown a virtual machine(or cancel,
depending on its state)
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OpenNebula — EC2 Query API

e Starting with a working installation of an OS residing on
an .img file, with three steps a user can launch it in the cloud

1) Upload image to the cloud image repository

fecone-upload fimages/gentoo.1mg
: Imageld 872ce740-5304-012c-0820-0017F231be%6

fecone-register 872ce740-5304-012c-0820-0017F231bedk
ccess: Imageld 372ce740-5904-012c-08=0-0017F231be36

§ .Jfecorme-run-instances -H 872cef40-5904-00 2c-0820-001 7F231be96
ImageId InstanceId InstanceType
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OpenNebula — EC2 Query API

* Additionally, the instance can be monitored with:

% ./ecore-describe-instances -
wrner

872ce740-5904 -012c-0320-00171231be%e pending
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4 OpenNebula — OCC| AP

. The OpenNebula OCCI APl is a RESTful service
to create, control and monitor cloud

resources based on the latest draftof the OGF
OCCI API specification

* OCCI stands for “Open Cloud Computing
Interface”

* Resources are: Storage, Network, Compute
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- OpenNebula — OCCI API

* Storage:
— Upload: using a multi-part HTTP POST.
— Retrieve: using a HTTP GET.

* Network:
— Upload: using a HTTP POST.
— Retrieve: using a HTTP GET.

* Compute:
— Upload: using a HTTP POST.
— Update: using a HTTP PUT.
— Retrieve: using a HTTP GET.

\
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OpenNebula — OCCI API

* Upload an image

------------------------------------------------------------------------------------------------------------------

E<DISK>
<HAME>GentooImage</HAME>

<URL>file:////images/gentoo. img</URL>
v </ DISE>

\j e S ./occi-storage --url http://localhost:4567 --username
oneadmin --password opennebula create imagexml|

<DISK><ID>ab5c9770-7ade-012c-f1d5-
00254bd6f386</ID><NAME>Gentoolmage</NAME><SIZE>1
000</SIZE><URL>file://images/gentoo.img<URL></DISK>
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- OpenNebula — OCCI API

* Create a network resource

------------------------------------------------------------------------------------------------------------------

E <NETWORE>

: <HAME>MyServiceNetwork< /NAME >
«ADDRESS>192.168.1.1</LDDRESS>

i «SIZE>200</5IZE>

| </NETWORK>

\ﬁ e S./occi-network --url http://localhost:4567 --username
oneadmin --password opennebula create vnxml

<NIC><ID>23</ID><NAME>MyServiceNetwork</NAME><AD
DRESS>192.168.1.1</ADDRESS><SIZE>200</SIZE></NIC>
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OpenNebula — OCCI API

* Create a compute resource (VM)

<CCHMPUTE >
<NBME>MyvCompute< ,/NAME>
< S5TORAGE>
<SWAP size="1024" dev="szdal"/ />
<DISK image="abS5c9770-7ade-012c-f1d4d5-00254bd6ef386™ dev="=dal"/>
<FE gize="512" format="ext3i" dev="=da3i"/>
</STORAGE>
<HETHWCRE>
<HIC network="23" ip="152.163.0.3"/>
< /NETWORE>
{INSTENCE_TYPE}small{fINSThNCE_TYPE}
</COMPUTE>

__________________________________________________________________________________________________________________
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/ OpenNebula — OCCI AP

S ./occi-compute --url http://localhost:4567 --
d username tinova --password opennebula create
\ ~/vmxml

<COMPUTE><ID>17</ID><NAME>MyCompute</NAM
E><STATE>PENDING</STATE><STORAGE><DISK
image="ab5c9770-7ade-012c-f1d5-00254bd6f386"
dev="sdal"/><FS size="512" format="ext3"
dev="sda3"/><SWAP size="1024"
dev="sda2"/></STORAGE><NETWORK><NIC
network="23"ip="192.168.0.9"/><NIC network="23"
ip="192.168.1.1"/></NETWORK></COMPUTE>
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- Setting Up Private Cloud with
OpenNebula and Ubuntu

* Six steps
— 1) Front-end installation
— 2) Add the cluster nodes to the system
— 3) Configure ssh access
— 4) Install the nodes > Done on working nodes
— 5) Setting authorization = Done on working nodes
— 6) Prepare Virtual Network and Launch VMs

* Please refer to
https://help.ubuntu.com/community/OpenNebula

20/05/2010 Gustavo Ansaldi Oliva
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Tashi

* Key Contributors

— Intel Labs Pittsburgh

— Carnegie Mellon University
* License

— Apache License v2 (2004)
* Latest Version

— No formal release (code must be checked out
from SVN)

05/07/2010 Gustavo Ansaldi Oliva
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/ Tashi

* An infrastructure through which service
providers are able to build applications that
harness cluster computing resources to
efficiently access repositories of “Big Data”

— Cluster management system for cloud computing
on big data

* Project incubated at Apache

— Non-trivial installation and setup

05/07/2010 Gustavo Ansaldi Oliva 45



Tashi

e Tashiis primarily a system for managing Virtual
Machines (VMs)

— Request the creation, destruction, and manipulation of
VMs (Xen, KVM/QEMU)

e Tashi also has a web client interface that is compatible
with a subset of Amazon Web Services

* Boot 100 copies of an operating system in 2 minutes

e Tashiis a key software component that enables the
Big Data cluster to participate in the HP
OpenCirrus cluster testbed as a Center of Excellence
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Tashi

e Main features

— Provide high-performance execution over Big Data
repositories

Enable multiple services to access a repository
concurrently

— Enable low-latency scaling of services

— Enalcl)<le each service to leverage its own software
stac

 Virtualization, file-system protections
— Enable slow resource scaling for growth

— Enable rapid resource scaling for power/demand
e Scaling-aware storage

05/07/2010 Gustavo Ansaldi Oliva
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Tashi — Example Applications

Application Big Data Algorithms Compute Style

Video search | Video data Object/gesture MapReduce
identification, face
recognition, ...

Internet library | Historic web Data mining MapReduce

search snapshots

Virtual world | Virtual world Data mining To be defined

analysis database

Earth study Ground model Earthquake HPC (high
simulation, thermal performance
conduction, ... computing)

Language
translation

Text corpuses,

audio archives,...

Speech recognition,
machine translation,
text-to-speech, ...

MapReduce &
HPC

05/07/2010
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Tashi — Organization

e Each cluster contains one Tashi Cluster Manager (CM)

e The CM maintains a database of:
— Available physical resources (nodes)
— Active virtual machines
— Pending requests for virtual machines
— Virtual networks

* Users submit requests to the CM through a Tashi Client

* The Tashi Scheduler uses the CM databases to invoke
actions, such as VM creation, through the CM

* Each node contains a Node Manager that carries out
actions, such as invoking the local Virtual Machine
Manager (VMM), to create a new VM, and monitoring
the performance of VMs
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\.

- Tashi — Native API

* Users invoke Tashi actions through a Tashi
client

* VM Life-cycle

— createVm [--userld <value>] --name <value>
[--cores <value>] [--memory <value>] --disks
<value> [--nics <value>] [--hints <value>]

— destroyVm --instance <value>
— shutdownVm --instance <value>

05/07/2010 Gustavo Ansaldi Oliva
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- Tashi — Native API

* VM Management Calls
— suspendVm --instance <value>
— resumeVm --instance <value>
— pauseVm --instance <value>
— unpauseVm --instance <value>

— migrateVm --instance <value> --targetHostld
<value>

— vmmSpecificCall --instance <value> --arg <value>

\.
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Tashi — Native API

* “Bookkeeping” Calls
— getMylnstances
— getlnstances
— getVmlayout
— getUsers
— getNetworks
— getHosts

05/07/2010 Gustavo Ansaldi Oliva
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Tashi — Using EC2 API Tools

Tashi is compatible with a subset of Amazon Web Services

Elastic Fox

ec2-api-tools

QUERY  Isoap

A

A 4

Apache
cgi-bin

05/07/2010 Gustavo Ansaldi Oliva
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Tashi

e More information

— Presentation: www.pittsburgh.intel-
research.net/~rgass/projects/sc09/SC09-Tashi-
CR.ppt

* Includes architecture diagrams of Tashi

— Tashi on a single test machine

* http://incubator.apache.org/tashi/documentation-
single.html
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- Tools Comparison

* Report done by Universiteit van Amsterdam

 Compares Cloud Computing Solutions and
offers guidance according to specific
scenarios

. http://staff.science.uva.nl/~delaat/sne-2009-

2010/p31/report.pdf
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Eucalyptus vs OpenNebula

[ Eucalyptus 1.68.1

ElpenNEbula 1.4

Deployment hModel

Private clowd VES VEE
QOffload to private (same p]ati’nrmjl itu) VEE
Qifload to private (other platformes) 1 Eucalyptus & TTEQC
Offload o p-'u.ﬂ':.]in:2 VES VEE
APIP ECE2 EC2 L OG0 QO]
Avallability
Redundant Front-End no” no
Fault tn]eran:e_.-‘fai]-n:n.'era' no VEE
Featurea
Arvallabllity Zones VES VEES
{Auto) rezsource scaling Manual EI:,'nEnnin:5
Live migration no only with Bhared FE [(BAN/-
NAE)
IManagement
IIzer Management web Interface cli 3rd party GEUls
Monitoring support for 3rd party support for 3rd party
Licenses and Standards
OpEen S0Urce VEE VEE
Enterprize VEs no
Open Vietualization Formatr [QOVEF) no recommended®
Product Potentlial
Marketzhare -+ -+
Future development - B
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Extra: Amazon EC2 API

* http://docs.amazonwebservices.com/AWSEC
2/latest/APIReference/

— API| Reference guide with usage examples
* EC2 Query API
* EC2 SOAP API
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Amazon EC2 APl — Query API

Example Request

This example starts the i-10a643792 instance.

<3tartInstancesResponse xmlns="http://eci.amazonaws.com/doc/2009-11-30,/">
<inatancesSet>
<item>
<instanceld>i-10a64379</instanceld>
<Currentitate>
<codex0</code
<name>pending</name>
</ocurrentState>
<previocusaState>
<code>80</ code>
<namerstopped</name
</previcusState’>
</item>
</inatancesset>
</StartInstancesResponae’
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Amazon EC2 APl — SOAP API

Example Request

This example starts the i-10a64379 instance.

E{StartInstances xmlns="http://ecd.amazonaws.com/doc/2009-11-30/">
. <instancesSet>

E <item>

| <instanceld>i-10a64379</instanceld>

i </item>

. </instancesSet>

E </3tartInstances>

<StartInstancesBesponse xmlns="http://ec’.amazonaws.com/doc/2009-11-30,/">
<instancesSet>
<ltem>
<instanceld»>i-10a64379</instanceld>
<currentState>
<codex0</ code>
<namerpending</name>
</currentitater
<previousState
<oodex80</ code>
<namer3topped</name>
</previocusState>
<Sitems>
</instancesSet>
<f5tartInastancesResponse>
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- References

Eucalyptus
— http://open.eucalyptus.com/
e Eucalyptus and Fault-Tolerance

— http://open.eucalyptus.com/forum/eucalyptus-specs-
scalability-fault-tolerance-and-slightl

 Euca2ools User Guide
— http://open.eucalyptus.com/wiki/Euca2o0lsGuide v1.1
* Euca2ools Blog Entry
— http://blogs.plexibus.com/2010/06/17/eucalyptus-euca2ools/

 Ubuntu Enterprise Cloud
— http://www.ubuntu.com/cloud/why-ubuntu
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- References

OpenNebula
— http://www.opennebula.org/
— http://dsa-research.org/doku.php
 OpenNebula and Fault-Tolerance
— http://www.opennebula.org/documentation:rell.4:plan#tstorage
* Private Cloud with OpenNebula and Ubuntu
— https://help.ubuntu.com/community/OpenNebula

 An Open Source Solution for Virtual Infrastructure Management in
Private and Hybrid Clouds — IEEE Special Issue on Cloud Computing

— http://www.mcs.anl.gov/uploads/cels/papers/P1649.pdf
* OGF OCCl Implementation on OpenNebula

— http://62.149.240.97/uploads/Tutorials/ogf occi implementation o
n opennebula.pdf
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References

 Tashi
— http://incubator.apache.org/tashi/index.html

— http://www.pittsburgh.intel-
research.net/projects/tashi/

* Tashi Presentation by Michael Ryan (Intel)

— www.pittsburgh.intel-
research.net/~rgass/projects/sc09/SC09-Tashi-CR.ppt

 SURFnet Cloud Computing Solutions

— http://staff.science.uva.nl/~delaat/sne-2009-
2010/p31/report.pdf
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References

e Amazon EC2 API Reference

— http://docs.amazonwebservices.com/AWSEC2/la
test/APIReference/

e Amazon EC2 API Tools

— http://developer.amazonwebservices.com/conne
ct/entry.jspa?externallD=351&categorylD=88

e Elasticfox Firefox Extension for Amazon EC2

— http://developer.amazonwebservices.com/conne
ct/entry.jspa?externallD=609&categorylD=88
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- That’s all
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