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Abstract  

Aneka is an Application Platform-as-a-Service (Aneka PaaS) for Cloud Computing. It 

acts as a framework for building customized applications and deploying them on 

either public or private Clouds. One of the key features of Aneka is its support for 

provisioning resources on different public Cloud providers such as Amazon EC2, 

Windows Azure and GoGrid. In this chapter, we will present Aneka platform and its 

integration with one of the public Cloud infrastructures, Windows Azure, which 

enables the usage of Windows Azure Compute Service as a resource provider of 

Aneka PaaS. The integration of the two platforms will allow users to leverage the 

power of Windows Azure Platform for Aneka Cloud Computing, employing a large 

number of compute instances to run their applications in parallel. Furthermore, 

customers of the Windows Azure platform can benefit from the integration with 

Aneka PaaS by embracing the advanced features of Aneka in terms of multiple 

programming models, scheduling and management services, application execution 

services, accounting and pricing services and dynamic provisioning services. Finally, 

in addition to the Windows Azure Platform we will illustrate in this chapter the 

integration of Aneka PaaS with other public Cloud platforms such as Amazon EC2 

and GoGrid, and virtual machine management platforms such as Xen Server. The new 

support of provisioning resources on Windows Azure once again proves the 

adaptability, extensibility and flexibility  of Aneka.  
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1. INTRODUCTION 

Current industries have seen Clouds [2, 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 and dynamic provisioning of resources 

on demand, Cloud computing paradigm allows any business, from small and medium 

enterprise (SMEs) to large organizations, to more wisely and securely plan their IT 

expenditures. They will be able to respond rapidly to variations in the market demand 
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for their Cloud services. IT cost savings are realized by means of the provision of IT 

"subscription-oriented" infrastructure and services on a pay-as-you-go-basis. There is 

no more need to invest in redundant and highly fault tolerant hardware or expensive 

software systems, which will lose their value before they will 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 resources are no longer 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 hybrid Clouds, but also to redesign the existing 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 challenges, which include: 

application programming models, resource management and monitoring, cost-aware 

provisioning, application scheduling, and energy efficient resource utilization. The 

Aneka Cloud Application platform, together with other virtualization and Cloud 

computing technologies aims to address these challenges and to simplify the design 

and deployment of Cloud Computing systems.  

Aneka is a .NET-based application development Platform-asïa-Service (PaaS), which 

offers a runtime environment and a set of APIs that enable developers to build 

customized applications by using multiple programming models such as Task 

Programming, Thread Programming and MapReduce Programming, which can 

leverage the compute resources on either public or private Clouds [1]. Moreover, 

Aneka provides a number of services that allow users to control, auto-scale, reserve, 

monitor and bill users for the resources used by their applications. One of key 

characteristics of Aneka PaaS is to support provisioning of resources on public Clouds 

such as Windows Azure, Amazon EC2, and GoGrid, while also harnessing private 

Cloud resources ranging from desktops and clusters, to virtual datacentres when 

needed to boost the performance of applications, as shown in Figure 1. Aneka has 

successfully been used in several industry segments and application scenarios to meet 

their rapidly growing computing demands.  

In this chapter, we will introduce Aneka Cloud Application Platform (Aneka PaaS) 

and describe its integration with public Cloud platforms particularly focusing on the 

Windows Azure Platform. We will show in 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 Clouds with 

minimal programming effort. The Windows Azure Platform is a Cloud Services 

Platform offered by Microsoft [5]. Our goal is to integrate the Aneka PaaS with 

Windows Azure Platform, so that Aneka PaaS can leverage the computing resources 

offered by Windows Azure Platform. The integration supports two types of 

deployments. In the first case, our objective is to deploy Aneka Worker Containers as 

instances of Windows Azure Worker Role, while the Aneka Master Container runs 

locally on-premises, enabling users of Aneka PaaS to use the computing resources 

offered by Windows Azure Platform for application execution. And in the second case, 

the entire Aneka Cloud is deployed on Windows Azure so that Aneka users do not 

have to build or provision any computing resources to run Aneka PaaS. This chapter 

reports the design and implementation of the deployment of Aneka containers on 

Windows Azure Worker Role and the integration of two platforms. 
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Figure 1: Aneka Cloud Application Development Platform. 

The remainder of the chapter is structured as follows: in section 2, we present the 

architecture of Aneka PaaS, provide an overview of the Windows Azure Platform and 

Windows Azure Service Architecture, and list the advantages of integrating the two 

platforms along with the limitations and challenges we faced. Section 3 demonstrates 

our design in detail on how to integrate the Aneka PaaS with Windows Azure 

Platform. Next, we will discuss the implementation of the design in Section 4. Section 

5 presents the experimental results of executing applications on the two integrated 

environments. In Section 6 and 7, we list related work and sample applications of 

Aneka. Finally, we present the conclusions and future directions. 

 

2. BACKGROUND  

In this section, we present the architecture of Aneka PaaS, and then depict the overall 

view on Windows Azure Platform and Windows Azure Service Architecture. We also 

discuss the advantages brought by the integration, along with the limitations and 

challenges faced.  

2.1 Overview of Aneka Cloud Application Development  Platf orm   

Figure 2 shows the basic architecture of Aneka. The system includes four key 

components, including Aneka Master, Aneka Worker, Aneka Management Console, 

and Aneka Client Libraries [1].  

The Aneka Master and Aneka Worker are both Aneka Containers which represents 

the basic deployment unit of Aneka based Clouds. Aneka Containers host different 
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kinds of services depending on their role. For instance, in addition to mandatory 

services, the Master runs the Scheduling, Accounting, Reporting, Reservation, 

Provisioning, and Storage services, while the Workers run execution services. For 

scalability reasons, some of these services can be hosted on separate Containers with 

different roles. For example, it is ideal to deploy a Storage Container for hosting the 

Storage service, which is responsible for managing the storage and transfer of files 

within the Aneka Cloud. The Master Container is responsible for managing the entire 

Aneka Cloud, coordinating the execution of applications by dispatching the collection 

of work units to the compute nodes, whilst the Worker Container is in charge of 

executing the work units, monitoring the execution, and collecting and forwarding the 

results.  

 

 

 
Figure 2: Basic Architecture of Aneka. 

The Management Studio and client libraries help in managing the Aneka Cloud and 

developing applications that utilize resources on Aneka Cloud. The Management 

Studio is an administrative console that is used to configure Aneka Clouds; install, 

start or stop Containers; setup user accounts and permissions for accessing Cloud 

resources; and access monitoring and billing information. The Aneka client libraries, 

are Application Programming Interfaces (APIs) used to develop applications which 

can be executed on the Aneka Cloud. Three different kinds of Cloud programming 

models are available for the Aneka PaaS to cover different application scenarios:: 

Task Programming, Thread Programming and MapReduce Programming These 

models represent common abstractions in distributed and parallel computing and 

provide developers with familiar abstractions to design and implement applications.  
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2.1.1 Fast and Simple: Task Programming Model 

Task Programming Model provides developers with the ability of expressing 

applications as a collection of independent tasks. Each task can perform different 

operations, or the same operation on 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 applications on the Cloud.  

2.1.2 Concurrent Applications: Thread Programming Model  

Thread Programming Model offers developers the capability of running multithreaded 

applications on the Aneka Cloud. The main abstraction of this model is the concept of 

thread which mimics the semantics of the common local thread but is executed 

remotely in a distributed environment. This model offers finer control on the 

execution of the individual components (threads) of an application but requires more 

management when compared to Task Programming, which is based on a ñsubmit and 

forgetò pattern. The Aneka Thread supports almost all of the operations available for 

traditional local threads. More specifically an Aneka thread has been designed to 

mirror the interface of the System.Threading.Thread .NET class, so that developers 

can easily move existing multi-threaded applications to the Aneka platform with 

minimal changes. Ideally, applications can be transparently ported to Aneka just by 

substituting local threads with Aneka Threads 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 multi-threaded applications. 

2.1.3 Data Intensive Applications: MapReduce Programing Model 

MapReduce Programming Model [11] is an implementation of the MapReduce model 

proposed by Google [12], in .NET on the Aneka platform. MapReduce has been 

designed to process huge quantities of data by using simple operations that extracts 

useful information from a dataset (the map function) and aggregates this information 

together (the reduce function) to produce the final results. Developers provide the 

logic for these two operations and the dataset, and Aneka will do the rest, making the 

results accessible when the application is completed.  

2.2 Overview of Windows Azure Platform  

Generally speaking, Windows Azure Platform is a Cloud platform which provides a 

wide range of Internet Services [3]. Currently, it involves four components (Figure 3). 

They are Windows Azure, SQL Azure, Windows Azure AppFabric, and Windows 

Azure Market Place respectively. 

Windows Azure, which we will introduce in detail in Section 2.3, is a Windows based 

Cloud services operating system providing users with on-demand compute service for 

running applications, and storage services for storing data in Microsoft data centres.  

The second component, SQL Azure offers a SQL Server environment in the Cloud, 

whose features includes supporting Transact-SQL and support for the synchronization 

of relational data across SQL Azure and on-premises SQL Server.  
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Figure 3: The Components of Windows Azure Platform. 

Windows Azure AppFabric is a Cloud-based infrastructure for connecting Cloud and 

on-premise applications, which are accessed through HTTP REST API.  

The newly born Windows Azure Marketplace is an online service for making 

transactions on Cloud-based data and Windows Azure Applications.   

2.3 Overview of Windows Azure Service Architecture  

In contrast to other public Cloud platforms such as Amazon EC2 and GoGrid, 

Windows Azure currently does not provide an IaaS (Infrastructure-as-a-Service). 

Instead, it provides a PaaS (Platform as a Service) solution, restricting users from 

direct access with administrative privileges to underlying virtual infrastructure. Users 

can only use the Web APIs exposed by Windows Azure to configure and use 

Windows Azure services.  

A role on Windows Azure refers to a discrete scalable component built with managed 

code. Windows Azure currently supports three kinds of roles [4], as shown in Figure 

4. 

¶ Web Role: a Web role is a role that is customized for Web application 

programming as is supported by IIS 7. 

¶ Worker Role: a worker role is a role that is useful for generalized development. 

It is designed to run a variety of Windows-based code. 

¶ VM Role: a virtual machine role is a role that runs a user-provided Windows 

Server 2008 R2 image.  

A Windows Azure service must include at least one role of either type, but may 

consist of any number of Web roles, worker roles and VM roles. Furthermore, we can 

launch any number of instances of a particular role. Each instance will be run in an 

independent VM and share the same binary code and configuration file of the role.  

 

Windows Azure

Windows Azure 
AppFabric

Applications and Data

Windows Azure
Marketplace
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Figure 4: Windows Azure Service Architecture. 

In terms of the communication support, there are two types of endpoints that can be 

defined: input and internal. Input endpoints are those are exposed to the Internet, and 

internal endpoints are used for communication inside the application within the Azure 

environment. A Web role can define a single HTTP endpoint and a single HTTPS 

endpoint for external users, whilst a Worker Role and a VM role may assign up to five 

internal or external endpoints using HTTP, HTTPS or TCP. There exists a built-in 

load balancer on top of each external endpoint which is used to spread incoming 

requests across the instances of the given role. Besides, all the role instances can make 

outbound connections to Internet resources via HTTP, HTTPS or TCP. 

Under this circumstance, we can deploy Aneka Container as instances of Windows 

Azure Worker Role which gets access to resources on the Windows Azure 

environment via the Windows Azure Managed Library. 

2.4 Advantages of Integration  of two platforms  

Inevitably, the integrated Cloud environment will  combine features from the two 

platforms together, enabling the users to leverage the best of both platforms such as 

access to cheap resources, easy programming, and management of Cloud computing 

services.  

2.4.1 Features from Windows Azure 

For the users of Aneka Platform, the integration of the Aneka PaaS and Windows 

Azure resources means they do not have to build or provision the infrastructure 

needed for Aneka Cloud. They can launch any number of instances on Windows 

Azure Cloud Platform to run their application in parallel to gain more efficiency.   

Web Role Instances
Worker Role Instances

VM Role Instances

Load Balancer

User Applications
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2.4.2 Features from Aneka Cloud Application Development Platform 

For the users of Windows Azure Application, the integration of Aneka PaaS and 

Windows Azure Platform allows them to embrace the advanced features from Aneka 

PaaS: 

¶ Multiple Programming Models. As discussed in Section 2.1, the Aneka PaaS 

provides users with three different kinds of cloud programming models, which 

involves Task Programming, Thread Programming, and MapReduce 

Programming to cover different application scenarios, dramatically decreasing 

the time needed in developing Cloud-aware applications, as shown in Figure 5. 

 

Figure 5: Multiple Programming Models of the Aneka PaaS Patent. 

¶ Scheduling and Management Services. The Aneka PaaS Scheduling Service 

can dispatch the collection of jobs that compose an Aneka Application to the 

compute nodes in a completely transparent manner. The users do not need to 

take care of the scheduling and the management of the application execution.  

¶ Execution Services. The Aneka PaaS Execution Services can perform the 

execution of distributed application and collect the results on the Aneka Worker 

Container runtime environment.  

¶ Accounting and Pricing Services. Accounting and Pricing services of Aneka 

PaaS enable billing the final customer for using the Cloud by keeping track of 

the application running and providing flexible pricing strategies that are of 

benefit to both the final users of the application and the service providers.  

¶ Dynamic Provisioning Services. In current pricing model for Windows Azure, 

customers will be charged at an hourly rate depending on the size of the 

compute instance. Thus it makes sense to dynamically add instances to a 

deployment at runtime according to the load and requirement of the application. 

Similarly instances can be dynamically decreased or the entire deployment can 

be deleted when not being actively used to avoid charges. One of the key 

features of Aneka is its support for dynamic provisioning which can be used to 

leverage resources dynamically for scaling up and down Aneka Clouds, 

controlling the lifetime of virtual nodes.  

2.5 Limitations  for the Integration  

Although the integration of two platforms will generate numerous benefits for both 

Aneka users and Windows Azure customers, running Aneka Container as instances of 

Windows Azure Worker Role has some limitations.  

The current version of Windows Azure does not provide administrative privileges on 

Windows Azure Worker Role instances. Deployments are prepared using the 

Aneka  
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Core Services

Programming Model A: 
Task Programming

Aneka  
Container 
Core Services

Programming Model B: 
Thread Programming

Aneka  
Container 
Core Services

Programming Model C: 
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Windows Azure Managed Library, and the prepared Windows Azure Service Package 

is uploaded and run.  

Under these circumstances, we cannot use the Aneka Management Studio to install 

Aneka Daemons and Aneka Containers on Windows Azure VMs directly. Further, 

other third party software that is needed on the Worker nodes such as PovRay and 

Maya, cannot be run on Windows Azure Worker Role instances because of the need 

for administrative privileges. This limits the task execution services that Azure Aneka 

Worker offers to XCopy deployment applications.  

2.6 Challenges for the Integration  

Due to the access limitations and service architecture of Windows Azure, we 

encountered some implementation issues that required changes to some parts of the 

design and implementation of the Aneka framework. 

2.6.1 Administration Privileges 

The Azure applications in both Web role and worker role instances do not have 

administrative privileges and does not have write access to files under the 

ñE:\approot\ò where the application code is deployed. On possible solution is to 

use LocalResource to define and use the local resource of Windows Azure VM disk.  

Technically speaking, we need to dynamically change the path of files which are to be 

written to the local file system, to the path under the RootPath Property returned by 

the LocalResource object at runtime. 

2.6.2 Routing in Windows Azure 

Each Windows Azure Worker Role can define up to five input endpoints using HTTP, 

HTTPS or TCP, each of which is used as external endpoints to listen on a unique port.    

One of the several benefits of using Windows Azure is that all the requests connected 

to an input endpoint of a Windows Azure Role will be connected to a load balancer 

which automatically forwards the requests to all instances that are declared to be part 

of the role, on a round robin basis.   

 

Figure 6: Routing in Windows Azure. 
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