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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.
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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 R Aneka <. ~
. . e .
Container Y AP Container 2O Container 2O
. o . | o . | o
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

y
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Figure 6: Routing in Windows Azure


http://msdn.microsoft.com/en-us/library/microsoft.windowsazure.serviceruntime.localresource.aspx

As depicted inFigure 6, instances from the saniole will share the same defined
input endpoins and be behind the same Load Balanteis the responsibility of the
Load Balancer to dispatch the incoming external traffic to instances behind it
following a rundrobin mechanismFor instance, the first request will be sent to the
first instance of the given worker role, the second will be sent to the second available
instance, and so forth.

As we plan to deploy Anek&ontainer as instances of tiiéindows AzureWorker

Role, there existsa situationwhere theAneka Master is outside the Windows Azure
Cloud andtries to sendmessageso a specift Aneka Workerinside the Windows
Azure Cloud Since the load balancer is responsible for forwarding these messages,
there is a good possibility thiéte message may be senatdneka Worker Container
otherthan the specified one. Hence, in order to avoid the messaggtbansferred to

the wrong Aneka Worker Container, two possible solgtare available:

1 Forward Messages amongAneka Worker Containers. When aContainer
receives amessage that does not belong tat wyill forward the message to the
right Container according to thelnternalEndpoint addressencoded in the
NodeURIof Target Node of the Messagehe advantage of this solution is the
consistency of therahitecture of AnekaaaSsince nonew components are
introduced to the architecture The disadvantagehowever is that the
performance of Aneka Worker Contais&vill be hindereddue to theoverhead
of forwarding message.

1 Deploy a message proxy between the Aneka Worker Containers and
Master for the purpose of dispatching incoming externalmessage. The
Message Proxys a special kind of Aneka Worker Containghich does not
hostany execution services. When the Windows Azure Aneka Cloud afart
all Aneka Worker Corainers in Windows Azure encodkee internalendpoint
addressinto the NodeURI Whenthe Message Proxy receise@ message from
the Master, it dispatches the message to the right Aneka Worker Gentai
according to the encodedodeURIspecified in theTarget Node oMessage.
The disadvantage of this solutiontlsat it costsextra since Window#\zure
charge according to tB number of instances launchedbwever, in view of
possible performance isssjghe second solutiors preferred More detailson
thedeployment ofthe Message Proxy Role are introduce@attion 31.3,

2.6.3 Dynamic Environment

As mentioned irSection 2.62, each Windows Azure Web Worker Role can define an
external endpoint to listen on a unique port. As a matter of fact, the port of endpoints
defined is the port of the load balancBne Windows Azure Fabric will dyamically
assign a random port number to each instance of the given role to listen on.
Consequently, before starting t@entainer, we needtget the dynamically assigned
endpoint via RoleEnvironment.CurrentRolelnstance.InstanceEndpoifsoperty
defined in the Windows Azure Managed Librarand save it to the Aneka
Configuration File so that th@ontainer can biti the TCPRchannel to the right port.

Anotherchange requirethy the d/namicenvironment of Windows Azures thatwe
need to set thdBlodeURIof an Aneka Worker ©ntainer to the URL ofhe Message
Proxy and encode thénternalendpoint of theContainerinto the URL When the
Aneka Master sersdla message to thBodeURIof an Aneka Worker Container, the
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Message Proxy recesg the message and forward to the right Aneka Worker
Containeraccording to thénternalendpointaddress encoded in tiNodeURI

Furthermore, due to the dynammatureof Windows Azure, we also need to guarantee
that the Load Balancer sesithe message to the instance of Messag&yPRole only

if the message channel of the instance is ready and all the instanaeskaf \Worker
Role start to senHieartbeat Message the Aneka Master located goremisesafter
the deployment of the Message Proxy Role is finished.

2.6.4 Debugging

Debugging a Windows Azure Application is a bit different from debuggitiger
Windows.Net applicatios.

In general, after we instalVindows Azure Tools for Visual Studie@ can debug a
Windows Azure applicatiotocally when it is runing in the Developrant Fabric
during the development stag¢owever, &er the applicatiorhas beerdeployed on
Windows Azurepublic Aoud, we cannot remoteldebug the deployed application
since we do not have direct access and administrptivilege on Windows Azure
VMsFortunately, inlune 2010 Windows Azure Tools + SDKVindows Azure
provides us with a new feature that enabig to debug issues that occur in @leud

via IntelliTrace With IntelliTrace debugging we can log extensive debugging
informationfor a role instance while it is running Windows Azure Subsequently,
we can use théntelliTracelogs to step through the code from Visual Studio.

3. DESIGN

In this section, we will discuss the desigecisionsfor deploying Aneka Container
on Windows Azureas instances of Worker Roleow to integrateand leveragehe
dynanic provisioning serviceof Aneka and how to exploit the Windows Azure
Storage as file storage gstemfor AnekaPaaSin detail The deployment includes
two differenttypes. The first type is to deploy Aneka Worker Contaoer Windows
Azure whilethe Aneka Master Container is rwom local oron-premiseresource The
second type is to deploy the entire An&la@aSncluding Aneka Master Container and
Aneka Worker Contaiers on Windows Azure.

3.1 Deploying Aneka Workers on Windows Azure
3.11 Overview

Figure 7 provides an overall view of the deployment of Aneka WpRentaines as
instances of Windows Azure Worker Role

As shown inthe figure, there are two types of Windows Azure Worker fosed.

These ar¢he Aneka Worker Role andMessage Proxy Roleln this case, we deploy

one instance of Message Proxy Role and at least one instance of Aneka Worker Role.
The maximum number of instancestloé Aneka Worker Rolehat can béaunctedis

limited by the subscription offer of Windows Azure Service thaser selects. In the

first stage ofthe project,the Aneka Master Container will be deployed in the on
premisegrivate Goud, whileAneka Worker Containers will be run as instances of
Windows Azure Worker Role. The instancetbé Message Proxy Role is ed to
transfer the messages sent frim@Aneka Master to the given Aneka Worker.

In this deployment scenariohen a userudmitsanapplicationto the Aneka Master
thejob units will be schedulelly the Aneka Masteby leveragingon-premises Aneka
Workers, if they exist and Aneka Workerinstances on Windows Azure
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simultaneouslyWhen Aneka Workers finisthe execution of Anekavork units, they
will send the results back to Aneka Master, and then Aneka Master will send the
result back to theserapplication.
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Figure 7: The Deployment of Aneka Worker Contaireas Windows Azure Worker Role
Instances

3.1.2Aneka Worker Deployment

Basically, we can deploy Aneka Containers of the same configuratiom #szare
Worker Role, since they share the same binary code and the same configuration file.
We can setup the number of instancesrofAaure Worker Role to be launetiin the
Windows Azure Service Configuratidile, which represents the number of Aneka
Containersthat will be deployed orthe Windows Azure CloudAnd also we need to
setup the Aneka Master URI and tekaredsecurity key in the Windows Azure
Service Configuratioriile. When the instances of Aneka Worker Role are esan

by Windows Azure Rie Hostng Process, we firstly update the configuration of the
Aneka Worker Container and start the Container progesiter the container starts
successfully, it will connect to the Aneka Master directly.

3.1.3Message Proxy

As for the issue we discussin Section 26.2, in order to guarantedbatmessageare
transferredto the right target node specified kijlfe Aneka Master, we need a
mechanism to route message a given instance. Therefore, we introduddessage
Proxy between the Load Balancerdadneka Worker instances. As shown in the
Figure 8, all the messages that are sent to the Aneka Worker Containers in Windows
Azure Public Cloud will e transferred to the external input endpoint of Message
Proxy Role. All the messages will be transferred to the load balancer of the input
endpoin® . The load balancer will transfer the messages to the instance of Message
Proxy Rol@ . In this case, we only launch one instance for Message Proxy Role. The
MessageProxy picks the incoming message, and parsesNbedeURIof targetnode

to determingheinternaladdress of the target node, and then forsénd messages to
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the given Aneka Worker . The Aneka Worker will handle the message and send
reply message to Aneka Master direttly

f“. s “.%
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/// ________ C;ka Worker
o Instance 1
Load
—

Balancer Aneka
N T~ Message Prox 3
\\\ \\\ Aneka Worker '.
N (/ Instance 3 ,‘
Y Aneka Worker ,

- Instance 2

Figure 8: How the Message Proxy Wrks.

3.1.4Dynamic Provisioning

Windows Azureprovides uswith programmatic access toostof the functionality
available through the Windows Azure Developer Portal thie Windows Azure
Service ManagemeRESTAPI. Using the Service Management API, we can manage
our storageccounts and hosted services.

Hence, ly using the completely extensibl@ynamic Resource Provisioning Object
Model of Aneka PaaSand Windows Azure Service Management REST, ABlcan
integrate Windows Azure Cloud resousdato Aneka snfrastructureand provide
support for dynamicaly provisioring and releasingVindows Azure resourcen
demand

Specifically, he Aneka APIs offer the IResourcePool interface and the
ResourcePdBaseclass as extension paaitor integrating new resource psoBy
implementng theinterface andextending the abstract bastass,we cansupport
provisioning of Aneka Worker Containers on Windows Azure by followingehe
steps:

1 Usethe CSPack Commandine Tool to programmaticallypacket all the
binaries andhe servicedefinition file to be published to the Windows Azure
fabric, into a service package file;

1 Usethe Windows Azure Storage Services REST #Pupload the service
package to Windows Azui&lob;

1 UsetheWindows Azure Service Managem@BSTAPI to create monitor and
updatethe status ofthe ceploymentof theWindows Azure Hosted Service

1 Use the Windows Azure ServicMlanagement REST ARb increase or
decrease the number of instances of Aneka Worker Corgamscale out or
scale in on demand

1 Usethe Windows Azure Service Management REST t8Rlelete thevhole
deployment ofthe Windows Azure Hosted Servicehen the provisioning
service is shutting down.
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3.2 Deploying Aneka Cloud on Windows Azure

In the seconddeployment scenarjowe deploy the Aneka Master Container as
instance of Windows Azure Worker Role. After finishing this step, we can run the
whole Aneka Cloudnfrastructure orthe Windows Azure Cloud Platform, as can be
seen frontFigure 9.

3.21 Overview

In this scenarip users submit Anekapplicatiors outside of the Windows Azure

Cloud and receive the result of the execution from Windows Azure Cloud. The
advantage of this structure is that it can dramatically decrease message transfer delay
since all the messages betwéleaAneka Master and Aneka Workers are sfanred

within the same data centre of Windows Azure, and the cost of data transfer charged
by Windows Azure will reduce greatly as well.

Further for datapersistenceequirements, thdneka Master Container, can directly
usethe Relational Data ServicBrovided by SQL Azure which would have higher
data transfer raseand of higher security since thayelocatal in the saméMlicrosoft
data centre

3.22 Aneka Deploymentin Azure

Figure 9 showstwo types of roles being deployed thre Windows Azure Cloud: one
instance of Aneka Master Rotmsting the Aneka Master Containand at least one
instance othe Aneka Worker Roléhosting theAneka Worker Cotainer.The Aneka
Master Container and Aneka Worker Contasnerteract with each other vian
internal endpoint, whilstthe client and Aneka Master Container interact aa

externalendpoint ofthe Aneka Master instance.
o B
Ey x-@/
!

. Load neka Worker
e Balancer 7 M

Application Files
Access

g / Instance 1
4 B D
User Applications:

Application Data Fileg, '\ i Appllcatlon State £ _ w G&ka Worker
(Input / Output) ¥ — K PerS|stence . ‘ Instance 3

_) 1
v% wy"_, neka Worker
— \Jr‘— Instance 2
Windows Azure Storag V
‘\\ — / S —
— | & SQL Azure

Figure 9: The Deployment of Aneka Master Container

3.23 File Transfer System

In the current version of Aneka Clouthe FTP protocolis used to transfer data files
from the client to the Aneka Mast@r a separate Storage Contairarilbetween the
Aneka Masterand Aneka Worker ContainersHowever, die to the limitationof a
maximumof 5 networking portsallowed oneach Windows Azure Role instancee
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can no longewuse tle FTP service tsupportfile transfes on the Windows Azure
Cloud Instead, wecanleverageWindows Azure Storage support file transfers in
Aneka

In general, as illustrated iRigure 10, two types of Windows Azure Storage will be
used to implemerthe Aneka File Transfer SystenBlobs and Queus. Blobs will be
used fortransferring data filesand Queug for the purpose of notificationWhen
Aneka users submit the application, if the transfer of ifaté files is needed, the
FileTransferManagercomponent willupload the input data filedo the Windows
Azure Bloband notify the start and ermd thefile transferto A n e kSiodage Service
via Windows Azure Queueimilarly, the Aneka Worker will download the related
input datafile from Windows Azure Bloband thestartand end of the file transfer
will be notified via Windows Azure Queu&/hen the executionf the work unitis
completedin the Aneka Worker, if the transfer of output data diils needed, the
FileTransferManageicomponent of Anek&®aaSwill uploadthe output data fileto
the Windows Azure Blob to enable Aneka users to download from it.

File Transfer
Notifications

S

User Applications .
bp Windows Azure Queue

Aneka Master
(Storage Service

\E o

g <
SN\ — \! Aneka Worker
Windows Azure Blob Instance

Application Data Fileg
(Input / Output) N

Aﬁ_

Figure 10: Using Windows Azure Storage Blob and Queue for Implementation of Aneka
File Transfer System

4. IMPLEMENTATION

In this sectionwe will explore the implementatiotetaik of the design w@resented

in Section 3 Section 4.1 displays thelass diagrans of the new and changed
componentsn AnekaPaaS Next, Section 4.2 illustrates the configtion setting of

the deployments, whilst Section 4.3 demonstrates the designed life cycle of
deployments.
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Figure 11: ClassDiagram for Windows Azure Aneka Containgfosting Component
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Figure 12: ClassDiagram for Windows AzuréAnekaProvisioning Resource Pool
Component.

4.1 Class Diagrams
4.1.2 Windows AzureAneka Container Deployment

Technically, in order to staen Aneka Container on Windows Azure Rolestance,

we need to extend thRoleEntryoint class which providea callback to initialize,

run, and stop instances of the rdfée override the Run(jnethod to implement our
code to start the Aneka Container which will be called by Windows Azure Runtime
after the role instance has been inited. Also worth noting is that due to the
dynamic nature of the Windows Azureenvironment, the configuration of Aneka
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Worker Containes must be updatedising the information obtained from the
CloudServiceConfiguratio@lass.
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Figure 13: ClassDiagram for Windows Azure Service Management Component

4.1.2 Windows Azure Provisioning Resource Pool

The extendable and customizable Dynamic Resource Provisioning Object Model of
AnekaPaaSenables us to provide newlgtions for dynamic provisioning in Aneka.

17



Specifically speaking, the WindowsAzureResourcePooklass extends the
ResourcePoolBaselass and implements th&esourcePoolinterface to integrate
Windows Azure as a new resource pool. The dEsslowsAzureOpation provides

all the operations that are needed to interact with the Windows Azure Service
Management REST API.

4.1.3 Windows Azure Service Management

The DeploymentOperatiomomponentis used to interact witlthe Windows Azure
Service Management FH API to manage the Windows Azure Hosted Services in
terms of creatinga deployment, updating the status atleployment(such as from
Suspendedo Running or vice versa upgradingthe deployment, queryinghe
deployment and deletinthe deployment. Thiscomponent is used bthe Resource
Provisioning Service tmmanagethe Windows Azure resourqeool, andis also used

by theWindows Azure Role Deployment to monitor the status of deployment.

4.1.4 File Transfer System

The File Transfer System Componéntused to transfer data files which are used in
application between clients and Aneka Cloud deployed on top of Windows Azure.
The clasAzureFileChannelControllewhich implements thé&~ileChannelController
interface represents the server component of the coneation channel. It is
responsible for providing the connection string for the client component to gain access
to the Windows Azure Storage Service providing a way to upload and retrieve a
specific file. The classAzureFileHandler which implements thelFileHandler
interface is in charge of retrieving a single file or a collection of files from the server
component of the communication channel and uploading a single file or a collection
of files to the server component of the communication channel.

Figure 14: Class Diagram for Windows Azure Aneka Storage Service Implementation
using Windows Azure Storage
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