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Abstract Cloud computing realizes the advantages and overcomes sestie-
tions of the grid computing paradigm. Elastic infrastruesican easily be created
and managed by cloud users. In order to accelerate the cesmadata center man-
agement and cloud services the OpenCiYugesearch testbed has been started by
HP, Intel and Yahoo!. Although commercial cloud offerings @roprietary, Open
Source solutions exist in the field of laaS with Eucalyptusa® with AppScale
and at the applications layer with Hadoop MapReduce. Thepaxamines the /O
performance of cloud computing infrastructures impleradnwith Eucalyptus in
contrast to Amazon S3.

1 Cloud Computing — An upcoming trend in IT

During the last years with the support of public funding geimmputing evolved
from a computer scientists’ field of research to a common imgrknvironment for
scientific disciplines like physics, medicine, meteorgloft the same time another
trend became imminent in the commercial IT sector: Cloudmatimg [25] aims at
consolidating hardware and software resources in largeatatters.

Cloud computing realizes the advantages and overcomes sstretions of
the grid computing paradigm [10]. All resources are martkdig providers as a
service over the Internet based on a utility model. In thelavof cloud computing
dynamically scalable (elastic) infrastructures can gdmlcreated and managed by
the user. Only the consumed resources are accounted fofawe pay-as-you-go
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paradigm. Many different cloud definitions exist and acangdo our understanding
we want to phrase the following short and concise definition:

Building on compute and storage virtualization, and levergghe modern Web, cloud
computing provides scalable, network-centric, abstracteidff@structure, platforms, and
applications as on-demand services that are billed by consomi]

Based on this definition we compare grids and clouds. Thebsitwation is that
most cloud infrastructures consist of one or few data centéth heterogeneous
or homogeneous resources under central control. A gridistsns geographically
distributed, heterogeneous resources without no cerargta. The primary user
groups for cloud computing is industry and business, whildsgare prominently in
use for research and are operated by academic organizations

Cloud infrastructures are well suited for generic appiara while grids are used
for special application domains like high energy physideu@s are run by service
providers, have commercial busines models (e.g. Pay-aggd and use propri-
etary middleware systems. Grids are mostly publicly fundéxarefore the usage is
for free and the middleware systems are Open Source.

A strong advantage of clouds is the more comfortable usgkalk the ownership
of resources is granted to the service consumer. While thecssrin grid infras-
tructures are mostly handcrafted, clouds provide fullyoedted services. For this
reason cloud computing forms a major step towards the indligation of IT.

1.1 Everything asa service

When talking about cloud computing it must be kept in mind thierent types of
cloud services exist (see Figure 1).

e Infrastructure as a Service (laaS) implements an abstract view towards the
hardware (servers, network,...) and allows to run virtmatances of servers
without the need to directly access the bare metal. Popat® bfferings are
3tera [1], Amazon EC2 [2], Flexiscale [16], GoGrid [19], éoy [24] and Todo
flexIT [34].

e Platform as a Service(PaaS) takes the level of abstraction further. PaaS ap-
pears as a virtual appliance and makes it simple to scale dremgle server to
many. Here, the user has no need to worry about the opergttens and related
application software packages. Popular PaaS offeringBamgee Connect [8],
Force.com [17], AppEngine [21], Microsoft Azure [26] andl#oCreator [36].

e Software as a Servicg(SaaS) provides enterprise quality software (complete
applications) to be consumed as a utility. Popular SaaSindeare Clarizen [9],
Gliffy [18], Google Apps [20], Salesforce.com [32], Slidegket [33], Oracle
SaasS Platform [29] and Zoho [37].

Figure 1 also includes an overview of a selection of the mopufar laaS, PaaS
and SaaS cloud services.
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Fig. 1 Different types of cloud services

Cloud computing has the potential to radically change thelWaervices are im-
plemented and managed. Project and business funds canrtécspeapport the core
business rather than spending it for IT infrastructure.eythave resource owner-
ship, cloud users are free to run the operating systemssinérctures, applications
and programming languages of their choice. The flexibilftgloud computing has
its origin in the combination of virtualization technolegiwith web services.

2 OpenCirrus™

In July 2008 the OpenCirrd¥ project [27] was announced by HP, Intel and Ya-
hoo!. OpenCirru§” aims to build an open, internet-scale global testbed fandtlo
computing research focussing on data center managemeund sérvices, systems
and application level research [28]. OpenCiffliss a loose federation of three
sponsors which are HP Labs, Intel Research and Yahoo!. Airttesbeing there are
three academic partners: The University of Illinois at Ur@&hampaign (UIUC),
the Singapore Infocomm Development Authority (IDA) and Kelsruhe Institute
of Technology (KIT).

OpenCirrudM consists of six sites initially, hosted by the sponsors anthers,
each equipped with up to 1000 CPU cores and 1 Petabyte of tdataisitially.
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2.1 OpenCirrus™ Blueprint

The foundation of the OpenCirrl}$ research testbed is formed by the Physical Re-
source Sets (PRS). These provide logical mini-datacetdetise researchers and
isolate the experiments from each other (see Figure 2dérnsiPRS ensembles of
physical nodes are allocated and isolated via vlans usieg@y existing software
like Emulab, a network emulation testbed from the UnivgrsitUtah and HP Op-
sware, a tool for server provisioning, configuration and agament.
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The PRS are the basis to implement Virtual Resource Sets VR VRS
abstract from physical resources by the introduction ofreualization layer. The
virtualization concept applies to all IT aspects like CPtdrage, networks and ap-
plications. The main advantages of VRS is the potential éater IT services ex-
actly fitting customers varying needs. IT services can bdogegd on demand by
automated resource management. Service levels can bg gaaihnteed and live
migration of services is made possible. As a consequendtkagpenditures and
operational expenditures are both reduced.

The VRS are implementing laaS because they provide comgtotege and net-
working services.
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Fig. 3 OpenCirrusM Blueprint

Figure 3 shows the OpenCir$ blueprint with the cloud infrastructure services
based on the PRS, the VRS and on top the end-user servicésrmplaervices and
applications.
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For gaining access to OpenCirfifsproject principal investigators apply to each
site separately with their contact names, email addreasdsyeb links for applica-
tions via the OpenCirrd¥! website. Each OpenCirr{f$ site decides which users
and projects are accepted. It is planned to have a globalsidar all sites. Users
will be able to login to each OpenCirrll$ site for which they are authorized using
the same login and password. Three different types of usersise OpenCirrd¥!
sites:

e Individual principal investigators from academic reseagooups.

e Industry researchers from the OpenCifidspartners.

e Industry researchers who have a customer relationship thvtfOpenCirrusV
partners.

The majority of users will be academic researchers and refsers who collab-
orate with the OpenCirrd¥' partners. There will be a few carefully chosen users
who are industry researchers with a customer relationsitip an OpenCirru§!
partner.

The OpenCirru8" project is seeking research in the areas of datacenterafeder
tion, datacenter management, web services, data-ineeagplications and Hadoop
MapReduce applications. Projects following tradition&® application develop-
ment and production applications that just need lots ofesy@re not of primary
interest.

OpenCirrudM strongly differs from other cloud computing testbeds beesiti
supports both, system and application level research.rtrast to commonly used
cloud infrastructures like Amazon Elastic Compute Clou@2[2], Amazon Sim-
ple Storage Service (S3) [3] and Google AppEngine [21],ctvgare layers and the
hardware itself can be accessed and adapted by the Opesitfimesearchers. Intel
platform features like Intel Data Center Management latef(DCMI) and Node
Manager (NM) that support cloud computing could also bézetil.

3 Cloud application services in OpenCirrus M

A subset of the cloud application services that will be impdated and used by
KIT in the OpenCirru$M research testbed is Hadoop for MapReduce applications,
the cloud computing software infrastructure Eucalyptud tre platform service
AppScale.

3.1 Hadoop

One of the main applications of OpenCirflfsis Hadoop [23]. Hadoop is an Open
Source Java framework developed by the Apache Softwaredation and spon-
sored by Yahoo!. Its intent is to reproduce the Google petary software infras-



6 Christian Baun and Marcel Kunze

tructure for scaling Web applications. It provides MapRegwa distributed file sys-
tem called Hadoop Distributed File System (HDFS) that ipiirexl by the Google
File System and a parallel database (HBase). MapReducesasalbepprogramming
model supports distributed computing on large data sejspetabyte of data across
many objects can be sorted in only a few hours.

3.2 Eucalyptus

As of today, commercial cloud offerings (see Figure 1) amppetary and usually
not open for cloud systems research and development.

However, since December 2008, with the introduction of Byptas the situation
has chanced dramatically. Eucalyptus [13] is an Open Saafteare developed at
University of California, Santa Barbara, implementingudacomputing on univer-
sity compute clusters. EUCALYPTUS stands for Elastic ttiComputing Archi-
tecture for Linking Your Programs To Useful Systems. It iempkents laaS while
giving the user the ability to run and control virtual mad@hinstances via Xen or
KVM deployed across a variety of physical resources [14].

The interface is fully compatible with Amazon EC2 and Eupalg includes
Walrus, a basic implementation of the Amazon S3 interfaoesRort, it can be said
that Eucalyptus is the Open Source implementation of the ZamaVeb Services
interfaces.

Eucalyptus is able to leverage the same tools known to wattk Aunazon EC2
and S3. The project has thus the potential to help estabtisbpan cloud com-
puting infrastructure standard. The main components oblptus are the Cloud
Controller (CLC), Cluster Controller (CC) and Node Cono(NC) [15].

The NC runs on every node in the cloud as well as a Xen-Hypar{85] or
KVM [22]. The NC provides information about free resourcegtte CC. The CC
schedules the distribution of virtual machines to the NC eoitkcts (free) resource
information. The CLC collects resource information frore tBC and operates like
a meta-scheduler in the cloud. Figure 4 shows the strucfiEeaalyptus including
CLC, CC and NC.

For preliminary testing two Eucalyptus R&D cloud instailbeis have been set up
at KIT. KIT Eucalyptus R&D cloud | running Eucalyptus 1.4 aktil Eucalyptus
R&D cloud Il running Eucalyptus 1.5 with AppScale 1.1.

e KIT Eucalyptus R&D cloud |

— 2xIBM Blade LS20 (2x Single Core Opteron at 2.4 GHz, 4 GB RAM)
— 2xIBM Blade HS21 (2x Dual Core Xeon at 2.33 GHz, 16 GB RAM)

e KIT Eucalyptus R&D cloud Il

— 5xHP Blade ProLiant BL2x220c. Each Blade includes two &eiNodes
(2x Intel Quad-Core Xeon at 2.33 GHz, 16 GB RAM)
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Fig. 4 Structure of Eucalyptus

3.2.1 Storage Performance of Eucalyptus.

In order to compare the storage performance of Amazon S3 acdl¥ptus, the
benchmark tooBonni e++ [7] was used. This tool measures the rate of sequential
output and sequential input. The measurements can be segune 5 and Figure 6.
The measurements are in detail:

e Sequential Output

— Per-Character: file is written usimgit c()
— Block: file is written usingw i t e()
— Rewrite:r ead() andwrite()

e Sequential Input

— Per-Character: file is read usiggt c()
— Block: file is written using ead()

The RAM of the Eucalyptus NCs was reduced to overcome menaufyiog ef-
fects. Eucalyptus’ storage performance depends on thege@ubsystem available.
For these tests, the write performance of Eucalyptus, wsimgdern SAS harddisk
with 10000 RPM (revolutions per minute) is faster than Anra&38. The perfor-
mance for read in contrast is faster at the Amazon sites.
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Bonni e++ also measures random seeks and file creation (see Figureth)isB
faster with Eucalyptus. A possible explanation for thesaifigs is the close distance
between the Eucalyptus NCs and the data stored locallyuitkeown whether data
stored by Amazon S3 is located near or far the EC2 instances.

3.3 AppScale

A platform service used at the OpenCirt{sKIT site is AppScale [4]. AppScale is
an Open Source implementation of the Google AppEngine dpwent platform.
AppScale executes automatically and transparently oeerddinfrastructures such
as Eucalyptus and provides a PaaS cloud service that allsgrs to deploy, test,
debug, measure, and monitor original Google AppEngineicatmns.

Figure 7 shows an overview of the AppScale design. It comsisan AppLoad-
Balancer, one or more AppServers, a Database Master andranere Database
Slaves.

The Google AppEngine application users interact with th@3grvers. Devel-
opers deploy Google AppEngine applications and AppScsddf ithrough the head
node that includes the AppLoadBalancer using the AppSaatsTThe AppServers
interact with the Database Master of the AppScale systerdl ViBPS. [5]
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4 Further Steps

At KIT we intend to integrate CernVM with Eucalyptus. CernVisla system to
create virtual software appliances. It offers demandedriand user friendly creation
of virtual machines for various operating systems and apptns.

Another plan is to adapt g-Eclipse for use with Eucalyptu&ctipse was an
European R&D project (07/2006 - 12/2008) that developeckafrendly graphical
client to manageg grid resources. Several grid middlewgstems (glLite, GRIA,
GT2, GT4) and common cloud infrastructures (EC2, S3) arpaued. g-Eclipse
supports the following roles with their corresponding &sk

e User: Data Management, Job Management, Visualization. ..
e Operator: Site Administration, User Administration, Joamagement. ..
e Developer: Code Applications, Compile Apps, Debug Apps. ..

Another intention is to improve the interoperability of HS3 tools (e.g. Elastic-
Fox [12], S3Fox [30], ElasticDrive [11], S3tools [31]) witucalyptus and transfer
grid services into the cloud (Grid as a Service).

5 Conclusion

Cloud computing allows for flexible and elastic resourcevioning and the large
economy of scale makes it attractive for both, academia asthéss. Using a high
degree of automation, cloud computing seems to path the weay manufacture
towards the industrialization of IT, thus reducing bothpEa and OpEX.

OpenCirrudM offers interesting R&D opportunities for cloud systems apgli-
cation development.

With Eucalyptus and AppScale, two Open Source implemeamstof the per-
haps most popular laaS and PaaS offerings are availablesesging a first step
towards the creation of cloud standards.
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