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Abstract

Aneka isan Application Platformasa-Service AnekaPad) for Cloud Computinglt
acts asa framework for building customized apptiationsand deploying them on
either public orprivate Clouds. One ofthe keyfeatures of Aneka is its support for
provisioning resourcesn different public Cloud providers such as Amazon EC2,
Windows Aaure and GoGridln this chapter we will presentAnekaplatform and its
integraion with one of the public Cloud infrastructures Windows Azure which
enabls the usage of Windows Azure Compute Service as a resource provider of
Aneka PaeS. The integration ofthe two platformswill allow users toleverage the
power of Windows Azure Platfornior Aneka Cloud Computingemploying a large
number of comput instance to run their applications in paralleFurthermore,
customers ofthe Windows Azue platformcan benefit from the integration with
Aneka Pas&S by embraing the advanced features of Awein terms of multiple
programming modelsscheduling and management sersjcapplication execution
services, accounting and pricing serviEanddynamicprovisioning servicg Finally,

in addition to the Windows Azure Platform we will illustraten this chapterthe
integration of Aneka Paa®ith other public Cloud platforns such as Amazon EC2
and GoGrigdand virtual machine management platfeisuch as Xe Server The new
support of provisioning resourcesn Windows Azure once again provéke
adaptability extensibilityandflexibility of Aneka.
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1. INTRODUCTION

Current industries have se@touds R, 14 as an economic incentive for expanding
their IT infrastructure with less total cost of ownership (TCO) and higher return of
investment (ROI). By supporting virtualization aghighamic provisioning of resources

on demand, Cloud computing paradigm allows any business, from small and medium
enterprise (SMESs) to large organizations, to more wisely and securely plan their IT
expenditures. They wilbe able to respond rapidly to vations in the market demand
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for their Cloud services. IT cost savings are realized by means of the provision of IT
"subscriptionroriented" infrastructure and services on a-payou-go-basis. There is

no more need to invest in redundant and highly faldrant hardware or expensive
software systems, which will $& their value before tiewill be paid off by the
generated revenue. Cloud computing now allows paying for what the business need at
the present time and to release it when these resource® dmager needed. The
practice of renting IT infrastructures and services has become so appealing that it is
not only leveraged to integrate additional resources and elastically scale existing
software systems into hybr@ouds, but also to redesign thasing IT infrastructure

in order to optimize the usage of the internal IT, thus leading to the birth of private
Clouds. To effectively and efficiently harness Cloud computing, service providers and
application developers need to deal with several chaengvhich include:
application programming models, resource management and monitoringwaost
provisioning, application scheduling, and energy efficient resource utilization. The
Aneka Cloud Application platform, together with other virtualization aidud
computing technologies aims to address these challenges and to simplify the design
and deploynent of Cloud Computing systems

Aneka isa .NET-basedapplication developmemlatformag a-Service (PaaSwhich
offers a runtime environment and a set ARIs that enable developers to build
customized appiations by using multiple programming modelsuch asTask
Programming Thread Programming and MapReduce Programming which can
leverage thecomputeresource on either public or private IGuds [1]. Moreovet
Aneka provids a number of services that allow users to control, @atle, reserve,
monitor and bill users for the resources used by their applicat@ns. of key
characteristisof AnekaPaaSs to supporprovisioningof resources opublic Clouds
such aswWindows Azure,Amazon EC2, and &Grid, while also harnessingprivate
Cloud resources ranging from desktopsd clusters to virtual datacentresvhen
needed to boost the performance of applicatiassshown irFigure 1. Aneka has
successfly beenused in sevetandustrysegments and application scenatmsneet
their rapidly growingcomputing demarsl

In this chapter, we will introducAneka CloudApplication Platform (Aneka PaaS)
anddescribe its integratiowith public Cloud platformsparticularly focusing on the
Windows Azure PlatformWe will showin detail how an adaptable, extensible and
flexible Cloud platform can help enhance the performance and efficiency of
applications by harnessing resources from private, public or hybrid Chiids
minimal programming effort The Windows AzurePlatform is a Cloud Services
Platform offered by Microsoft [5]Our goal is to integrate the Aneka PaaS with
Windows Azure Platformso that Aneka PaaS can leverage the computing resource
offered by Windows Azure Platform. The integration supports two types of
deploymentsin the firstcase our objectivas to deply Aneka Worker Containsias
instances of Windows Azure Wa@r Role while the Aneka Master Container runs
locally onpremises, enablingsers of AnekdaaSto use the computing resources
offered by Windows Azure Platforfor application execution. And itme second case,
the entire Aneka Cloud is deployed on Windows Azure so that Aneka users do not
have to build or provision any computing resosrmerun Aneka PaaS. Thahapter
reportsthe design and implementation tife deployment of Anekaontainerson
Windows Azure Worker Role and the integration of two platforms.
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Figure 1: Aneka CloudApplication DevelopmenPlatform.

The remaindeof the chapteris structuredas follows: n section 2,we present the
architecture of Anek®aa$ provideanoverviewof theWindows Azure Platform and
Windows Azure Service Architecturandlist the advantagesf integrating the two
platforms along withthe limitations and challengese faed Section 3demonstrate
our designin detail on how to integratehe Aneka PaaSwith Windows Azure
Platform.Next, wewill discusghe implementationf the designn Section 4 Section

5 presentshe experimental resultsf executing applications on the two integrated
environments In Section6 and7, we list related work and sample applications of
Aneka Finally, we presenthe conclusions antuturedirections

2. BACKGROUND

In this sectionwe presenthe architecture of Anek@aa$ and therdepict the overall
view on Windows Azure Platform and Windows Azure Sericehitecture We also
discuss the advantagésought bythe integration,along with the limitatiors and
challengedaced

2.1 Overview of Aneka Cloud Application Development Platform

Figure 2 shows the basic architecture #dheka The systemincludes four key
components, including Aneka Master, Aneka Worker, Aneka Management Console,
and Aneka Client Libraries [1].

The Aneka Mastr and Aneka Worker argoth AnekaContaines which represents
the basic deployent unit of Aneka based Cloud&neka Containers hoslifferent
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kinds of servies depending on their roleFor instance, in addition tmandatory
services, the Master rum the Scheduling Accounting, Reporting, Reservation,
Provisioning, and Storage serviceswhile the Workers run execution servécd-or
scalability reasons, some of these services can be hosted on separate Containers with
different roles. For example, it is idea deploy a Storage Containfr hosing the
Storage servigewhich isresponsiblgfor managng the storage andransfer of files
within the Aneka CloudThe Master Container is responsible for managing the entire
Aneka Cloud, coordinating the execution of applicatibgdispatching the collection

of work unitsto the compute nodgesvhilst the Worker Container is in charge of
execuing thework units, monitoing the executionandcollecting and forwarding the
results.

Services
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2. Allocation

e ol
QExecution
i Worker Containef
. ,/.

Services

1. <core>
2. Scheduling
3. Accountingg
4. Reporting R

Management Studio

Services
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Figure 2: Basic Architecture of Aneka.

The Management Studio armtient libraries help in managingthe Aneka Cloudand
developing applications thatilite resources orAneka Cloud. The Management
Studio isan administrative consoléhatis used to configuréneka Cloudsinstall,
start or stopContainers setup user accounts and permissions for accessing Cloud
resources; andccesanonitoring and billing iformation The Anekaclient libraries

are Application Programminglnterfaces (APIsused todevelopapplicatiors which

can beexecuted orthe Aneka Cloud. Three different kinds o€Cloud programming
modek are available for the AnekRaaSto cover different application scenarios::
Task Programming Thread Programming and MapReduce Programming These
models representommon abstractions in distributed and parallel computing and
provide developers with familiar abstractions to design andeiniht applications.



2.1.1Fag and Simple: Task ProgrammingModel

Task ProgrammingModel provides developers with the ability of expressing
applications as a collection of independent tasks. Each task can perform different
operatios, or the same operaticon different data, and can be executed in any order
by the runtime environment. This is a scenario in which many scientific applications
fit in and a very popular model for Grid Computing. Also, Task programming allows
the parallelization of legacy apgditions on the Cloud.

2.1.2Concurrent Applications: Thread Programming Model

Thread Programming bteloffersdevelopers the capability of running multithreaded
applicatiors onthe Aneka Cloud The main abstraction of this model is the concept of
thread which mimics the semanscof the common local thread but is executed
remotely in a distributed environment. This model offéireer control on the
execution of thendividual componentgthreads)of an application but requires more
managemenivhencompaedtoTas k Pr ogr ammi n g, subnhtiadh 1 s ba
f or gatérmdThe AnekaThread suppostalmost allof the operations available for
traditional local threadsMore specifically an Aneka thread has beeasighed to
mirror the interfaceof the System.Threading. ThreallET class, so that developers

can easily move existing mulihreaded applications to the Aneka platform with
minimal changes. Ideally, applications can be transparently ported to Aneka just by
substituting local threads with AneR&reads and introducing minimal changes to the
code. This model covers all the application scenarios of the Task Programming and
solves the additional challenges of providing a distributed runtime environment for
local multithreaded applications.

2.1.3Data Intensive Applications MapReducePrograming Model

MapReduce Programming Modéll] is an implement#on of the MapReduce model
proposed by Googl¢l2], in .NET on the Aneka platform MapRedge has been
designed to processuge quanties of data by ugg simple operations that extracts
useful information from a dataset (theapfunction) and aggregates this information
together (thereducefunction) to produce the final result®evelopers provide the
logic for these two operations and the dateeed Anekawill do the restmaking the
results accessible when the application is completed.

2.2 Overview of Windows Azure Platform

Generally speaking, Windows Azure Platform i€laud platform which provides a
wide range of Internet Servicg3. Currently, it involves foucomponentgFigure 3).
They are Windows Azure, SQL Azur@/indows AzureAppFabric, and Windows
Azure MarketPlacerespectiely.

Windows Azure, which we i introduce in detail inSection 2.3 is aWindows based
Cloud services operating systgroviding users with ordemand compute service for
running applicatios, and storage services for stgy data in Microsoft dateentres

The second component, SQL Azure offers a SQL Server environment Glotine,
whose features includes supporting Tran§&€@t. and support for the synchronization
of relational data across SQL Azure andpsamises SQL Server.
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Figure 3: The Componets of Windows Azure Platform

Windows Azure AppFabrics a Cloud-based infrastructure for connecti@tpud and
onpremise applicationsvhich areaccessdthrough HTTP REST APRI

The newly bornWindows Azure Marketplace is aronline service for making
transactios on Cloud-basel data and Windows Azure Applicatian

2.3 Overview of Windows Azure Service Architecture

In contrast toother public Cloud platforms such as Amazon EC2 and GoGrid,
Windows Azure currently does not providgm laaS (Infrastructurasa-Service)
Instead, it provides ®#aaS (Platform as a Servicg)lution restricting users from
direct accessvith administraitve privileges to underlyingvirtual infrastructureUsers
can only use theNeb APIs exposed byWindows Azure to configure and use
Windows Azure services.

A role on Windows Azureefers toa discrete scalable component built with managed
code. Windows Azwe currently spports threeinds of roleg4], as shown irFigure
4.

1 Web Role:a Web role is a role that is customized f@dfeb application
programming as isupported by IIS 7.

1 Worker Role:aworker role is a role that is useful for generalized development.
It is designed to run a variety of Windowased code.

1 VM Role: avirtual machine role is a role thains a useprovided Windows
Server 2008 R2 image.

A Windows Azure service must include at least one role of either type, but may
consis of any number of Web rolegjorker rolesand VM roles Furthermore, we can
launch any number of instanceta particularrole. Each instance will be run in an
independenVM and share the same binary code and configuration file of the role.
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Figure 4: Windows Azure Service Architecture

In terms of the communication suppdtiere are two types of endpoiriteat can be
defined: input and inteal. Input endpoints are those are exposed tortteznet, and
internal endpoints are used for communication inside the applicaiibim the Azure
environment A Web role can define a single HTTP endpoint and a single HTTPS
endpant for external usersyhilst aWorker Roleand a VM rolemay assign up téive
internal or externaéndpoints using HTTP, HTTPS or TCPhere exists a bu#n

load balancewon top of each external endpoiwhich is used to spad incoming
requess across the instances of theean role Besidesall the role instancexan make
outbound connections to Intermesourcevia HTTP, HTTPS or TCP.

Under this circumstanceye can deploy Aneka Container as insenof Windows
Azure Worker Role whichges access to resources on the ndbws Azure
environment via th&/indows Azure Managed Library

2.4 Advantages of Integration of two platforms

Inevitably, te integraéd Cloud environmentwill combinefeatures fromthe two
platforms together, enabling the usets leveragethe best ofboth platformssuch as
accesdo cheap resourcesasyprogrammingand managemeraf Cloud computing
services.

2 4.1 Features from Windows Azure

For the users of Aneka Platfornthe integration othe Aneka PaaSand Windows
Azure resource meansthey donot have to hbild or provisionthe infrastructure
needed forAneka Cloud They can launchany number ofinstances on Windows
Azure Cloud Platfornto run their application in parallel to gain more efficiency



2.4.2 Features from Aneka Cloud Application Development Platform

For the users of Windows Azure Applica, the integration of Anek®aaSand
Windows Azure Platform allows theto embrace the advanced features franeka
PaaS

1 Multiple Programming Models. As discussedn Section 2.1 the Anéa PaaS
provides users with thredifferentkinds of cloud programming models, which
involves Task Programming Thread Programming and MapReduce
Programmingto coverdifferent application scenaripgiramatically decreasing
the time needed in developindgoGd-awae applications, as shown kigure 5.

Programming Model A: ¢ Programming Model B: ¢ Programming Model C:
Task Programming Thread Programming MapReduce Programming
Aneka e Aneka e Aneka e
Container W O Container ) Container ey )
: e . PN . A
Core Services Core Services Core Services

Figure 5: Multiple Programming Models othe AnekaPaaSPatent

1 Scheduling andManagement Services. The Aneka PaaSScheduling Service
can dispatch the collection of jobs that compaseédaeka Application to the
compute nodesn a completely transparent mann&he users do not need to
take careof the scheduling and the managemerthefapplication execution.

1 Execution Services The Aneka PaaSExecution Servicezan perform the
execution of distributed applicati@nd collect the resultsn the Aneka Worker
Container runtime environment.

1 Accounting and Pricing Services Accounting and Pricing services of Aneka
PaaSenable billing the final customer for using the Cloud by keeping track of
the application running and providing flexible pricing strategies that cdre
benefit to both the final users of the application ands#reice providers.

1 Dynamic Provisioning Services.In current pricing modefor Windows Azure,
customers will be charged at an hourly rate depending on the sid®e of
compute instance.Thus it makes sense tdynamically add instances to a
deployment atuntime according to the loahd requiremenaf the application
Similarly instances can baéynamically decreaskeor the entire deploymerman
be deletedwhen not being actively used to avoid charg@se of the key
features of Aneka is its support for dynamic provisioning which can be used to
leverage resourceslynamically for scaling up and down Anek&louds
controling the lifetime of virtual nodes

2.5 Limitations for the Integration

Although the integration oftwo platforms willgeneratenumerous benefits foroth
Aneka users and Windows Azure customaraning Aneka Container as instancés o
Windows Azure Worker Role Bsome limitations.

The currat version of Windows Azurdoes not providedministraitve privileges on
Windows Azure Worker Role instance®eploymens are preparedusing the



Windows Adre Managed Libraryandthe preparedVindows Azure Service Package
is uploadedand run.

Underthesecircumstancg we cannot use the Aneka Management Sttwlimstall
Aneka Daemos and Aneka Containsron Windows Azure VM directly. Further
other third party software that is needeun the Worker nodes such BsvRay and
Maya, cannot be run on Windows AzuMorker Roleinstancs because of the need
for administrative privilegesrhis limits the task execution services that Azure Aneka
Worker offers to XCopy deployment applicatson

2.6 Challenges for the Integration

Due to the access limitatisnand service architecture of Wings Azure, we
encounteed some implementation issues that requiickangs to some parts othe
design and implementation of tA@mekaframework

2.6.1 Administration Privilege s

The Azure applications in bottWeb role and worker role instances do not have
administraive privileges and does not have write access to sfilender the

fi Bapprooto where the application code is deployed. On possible solution is to
useLocalResourc¢o define and use thedal resource of Windows Azure VHlsk.

Technically speaking, we need to dynamically change thegbdites which areto be
written to the local file systemto the path under thRootPathProperty returned by
theLocalResourcebjectat runtime

2.6.2 Routing in Windows Azure

EachWindows AzuréWorker Role camlefine up to five inpuendpoints using HTTP,
HTTPS or TCP, each of which is used as external endpoints to listen on a unique port.

One of theseverabenefits of using Windows Azure is that all the requests connected
to an input endpoint ai Windows Azure Role will be connesd to a load balancer
which automaticallyforwardsthe requests to all instances that are declared to be part
of the role on a round robin basis

Instance 1
of XX Role

Instance 2
of XX Role

Figure 6: Routing in Windows Azure
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