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Abstract. The wide exploitation of cloud resources has been hindered by the 
diversity on the provision of these resources and thus resulting in heterogeneity 
between them. Research efforts on the design of cloud applications, leveraging 
resources form heterogeneous cloud environments, have been concentrated on 
traditional cloud platform resources such as deployment capabilities and data 
stores. However, the emergence of the cloud application platforms has made 
available a wide range of platform basic services (e.g. e-mail, message queue 
and authentication service) that can drastically decrease the application 
development time. Our work focuses on eliminating the heterogeneity among 
the providers offering those services. To this end we propose an ontology-
driven framework, which facilitates the seamless and transparent use of 
platform basic services provisioned by multiple clouds environments. 
Ontologies are leveraged to enable the homogeneous description of the 
functionality of the service providers.  
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1 Introduction 

Cloud application platforms [1] are becoming increasingly popular and have the 
potential to change the way applications are developed, involving compositions of 
platform basic services. A platform basic service, in the Platform as a Service level 
(PaaS), can be considered as a piece of software which offers certain functionality and 
is reusable. Examples of such services are authentication mechanisms, logging 
mechanisms, message queues and email service. Such services are considered to be 
interwoven in the creation of many applications running from a cloud application 
platform and thus using the service instead of creating the corresponding code is of 
great benefit to the application developer. A service can be offered natively by the 
platform, such as the e-mail service offered by Google App Engine [2] and Amazon 
Elastic Beanstalk [3]. Alternatively, Independent Software Vendors (ISVs) can offer 
added-value services for a given platform, such as Heroku [4]. 
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The cloud application platforms have the potential to lead to a new paradigm of 
designing service-based cloud applications. Applications rather than being developed 
from the ground up, they can be synthesised from services offered by multiple clouds. 
This way developers can drastically increase their productivity and significantly 
shorten the time to market of the product. 

However, an impediment for the wide exploitation of the available platform basic 
services constitutes the heterogeneity among the offered solutions. The heterogeneity 
mainly arises from (i) the variability in the workflow required to complete an 
operation [5] and (ii) the differences in the web API through which the service 
providers provision their services. This paper focuses on the latter variability point. 
For developers to leverage the full capabilities of services provided by multiple 
platforms should not be forced to develop an application directly against proprietary 
APIs, but rather should use either (i) standard and widely adopted technologies; or (ii) 
abstraction layers which decouple standard end-user APIs from the platform-specific 
APIs. To this end, this paper proposes an ontology-driven framework, which 
promotes the uniform access to platform basic services via the use of an abstract 
reference cloud API.  

The use of ontologies is primarily motivated by their ability to support separation 
of concerns [6], that is enable the development of an application where the logic is 
separated from the data upon which it operates. This allows for data to be altered as 
much as it is required without altering the code related to the logic that operates on 
the data. In our case the data are the descriptions of the platform basic services that 
could be consumed by the various applications. Therefore, future service providers 
can be supported on the fly through an ontological description of their service. The 
framework is capable of reading the description and generating automatically the 
provider specific source code. 

The rest of the paper is organised as follows. The next Section attempts to 
contextualise the scope of the proposed framework by defining the cluster of cloud 
platforms that it will focus on. Established work on the field related to the proposed 
solution is reviewed in Section 3. Thereafter, the main components of the framework 
are described namely, the ontologies and the core engine, which is responsible for 
generating the provider specific code. 

2 Clustering of Cloud Platforms 

Before stepping into the details of the proposed solution, the application scope of the 
approach needs to be defined. Particularly, we attempt a high-level clustering of the 
cloud platforms environments and subsequently we state the focus of our research. 
The clustering of the cloud platforms has been primarily based upon the adopted 
technologies and the provisioning of additional platform services either natively or 
via a service marketplace. From earlier surveys and reports [7], [8], [9], [10], [11], 
[12], [13] we find that cloud platform solutions can be clustered into three broad 
categories: 

The first category includes platforms, which adopt standard and widely used 
technologies, such as popular programming languages and databases. They provide 
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basic development resources only, such as an application server and a database, and 
do not offer further cloud platform services or a service marketplace. An example 
platform in this category is CloudBees [14]. 

The second category includes platforms, which offer additional services via APIs 
such as e-mail service, image manipulation service and a message queue service. The 
services are offered natively by the platform such as the Google App Engine [2]. 
Alternatively the platforms may offer additional services via a marketplace such as 
the Heroku [4] add-ons.  

The third category includes platforms, which adopt a native application 
development paradigm, where developers are expected to use bespoke visual tools 
and graphical interfaces to create the applications. Additional services can be offered 
by ISVs via marketplaces. However, those services are tightly integrated to the 
platform and no programming library or web interface is exposed. Platforms in this 
category include Zoho Creator [15]. 

Regarding the provisioning of services, platforms in the first category offers only 
deployment capabilities without any additional services. On the other edge of the 
spectrum, platforms in the third category are characterised by proprietary 
development tools and technologies. The lack of programming APIs makes them 
intractable when it comes to abstracting the offered services. Consequently, this paper 
focuses on platforms in the second category. Specifically, we are interested in the 
proprietary APIs that the services expose and the way these APIs can be abstracted in 
order to enable uniform and transparent access to the services.  

3 Related Work 

The constant increase in the offering of platform basic services has resulted in a 
growing interest in leveraging services from multiple clouds. Significant work has 
been carried out on the field, which can be grouped into three high-level categories: 
middleware platforms, Model-driven Engineering techniques and library based 
solutions. Representative work on each of the three categories is listed. 

Library-based solutions such as jclouds [16] and LibCloud [17] provide an 
abstraction layer for accessing specific cloud resources such as compute, storage and 
message queue. While, library-based approaches efficiently abstract those resources, 
they have a limited application scope which makes it difficult to reuse them for 
accommodating additional services.  

Middleware platforms constitute middle layers, which decouple applications from 
directly being exposed to proprietary technologies and deployed on specific 
platforms. Rather, cloud applications are deployed and managed by the middleware 
platform, which has the capacity to exploit multiple cloud platform environments. 
mOSAIC [18] is such a PaaS solution which facilitates the design and execution of 
scalable component-based applications in a multi-cloud environment. mOSAIC offers 
an open source API in order to enable the applications to use common cloud resources 
offered by the target environment such as virtual machines, key value stores and 
message queues.  
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Initiatives that leverage MDE techniques present meta-models, which can be used 
for the creation of cloud platform independent applications. The notion in this case is 
that cloud applications are designed in a platform independent manner and specific 
technologies are only infused in the models at the last stage of the development. 
MODAClouds [19] and PaaSage [20] aim at cross-deployment of cloud applications. 
Additionally, they offer monitoring and quality assurance capabilities. They are based 
on CloudML, a modelling language which provides the building blocks for creating 
applications deployable in multiple IaaS and PaaS environments. Hamdaqa et al. [21] 
have proposed a reference model for developing applications which leverage the 
elasticity capability of the cloud infrastructure. Cloud applications are composed of 
CloudTasks which provide compute, storage, communication and management 
capabilities. MULTICLAPP [22] is a framework leveraging MDE techniques during 
the software development process. Cloud artefacts are the main components that the 
application consists of. A transformation mechanism is used to generate the platform 
specific project structure and map the cloud artefacts onto the target platform. 
Additional adapters are generated each time to map the application`s API to the 
respective platform`s resources. 

The solutions listed in this Section focus mainly on eliminating the technical 
restrictions that each platform imposes, enabling this way multi-cloud deployment of 
applications. Additionally, they offer monitoring and quality assurance capabilities as 
well as the creation of elastic applications. On the contrary, the vision of the authors 
is to facilitate the use of platform services, such as e-mail service, authentication 
service etc. and concrete providers from heterogeneous clouds in a seamless manner. 
To this end, we envision the creation of a framework, which enables the uniform 
description of the API of the services and the concrete providers. In turn, this will 
facilitate the design of applications, which leverage services from multiple cloud 
application platforms without being bound to the specific proprietary APIs. 

4 Ontology Driven Framework 

Towards enabling the design of service-based cloud applications, we present our 
solution approach, which is based on an ontology driven framework. With respect to 
the classification of the cloud platforms performed in Section 2, the proposed solution 
targets the platforms in the second category, namely the ones who offer platform 
services either natively or via a marketplace through a web API. The framework 
receives a description of the service functionality and subsequently generates 
automatically the client adapter to map onto the abstract reference API for the specific 
service. 

In order to evaluate the effectiveness of the framework we apply the solution 
approach to the cloud e-mail service. The e-mail service allows a cloud application to 
send and receive e-mails without the need for the developer to set up and maintain an e-
mailing server. Instead the service is offered by the cloud provider via a web interface. 
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The choice of the e-mail service was motivated primarily by the need for enabling 
cloud applications to leverage services from multiple clouds. The emergence of the 
cloud application platforms and the service marketplaces has made available a wide 
range of services which the cloud application should be capable of exploiting. To this 
end, the role of ontologies is explored as enablers for vendor specific API abstraction. 
The concrete provider`s API is captured in an ontology and subsequently is mapped 
to the abstract reference API which is exposed to the cloud developers. 

4.1 Benefits of Using Ontologies 

Ontologies are the novel aspect of the framework. They are used in order to allow a 
uniform description of the platform basic services. According to Gruber [23], they are 
formal knowledge over a shared domain that is standardized or commonly accepted 
by certain group of people.  

The advantages here are two-fold. First, ontologies allow to define clearly the 
domain model of our interest; in our case the domain model is the cloud platform 
services offered by multiple platforms. The fact that an ontology is shared and 
commonly accepted description of a service, contributes towards the homogenisation 
of the latter. The cloud vendors can adhere to and publish the description of their 
service based on the common and shared ontology.  

Moreover, ontologies can be reused and expanded if necessary. Thus, an ontology 
describing a platform basic service may not be constructed from the ground up but 
may be based on an existing one such as USDL (Unified Service Description 
Language) [24].  

The reasoning capabilities that ontologies offer may be exploited for consistency 
check of the service descriptions.  

Furthermore, mature tools are available in order to create and manipulate an 
ontology. Specifically, Protégé [25] is a well-established tool that allows users to 
create and edit ontologies, whereas the OWL API [26] and Jena framework [27] are 
among the popular Java frameworks that enable developers to manipulate ontologies 
using the Java language. 

It is not the first time that ontologies are used in the cloud computing domain to 
enable service description. mOSAIC [28] ontology is used to enable service discovery 
and brokerage. This further motivates our choice of using ontologies for enabling 
service description. However, while the mOSAIC ontology focuses on describing the 
general and quality characteristics of a service, our ontology aims at the concrete 
functionality and the API of the services. 

4.2 Architecture of the Ontology Driven Framework 

Figure 1 depicts the high-level overview of the abstraction framework. The developer 
initiates the development of the application using a popular development environment 
such as Eclipse and a programming language such as Java. When the application 
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requires a platform basic service that is supported by the framework, the API 
description of the service is inserted into the framework. Consequently, the service 
description is parsed and the source code for the particular service is generated. The 
proposed cloud abstraction framework consists of two main parts: the models that 
represent the supported platform basic services and the core engine of the framework. 
 

  

Fig. 1. High-level overview of the ontology-driven framework 

Platform Service Models. The models represent the services that the framework 
supports. As mentioned in the previous Section, ontologies are used in order to build 
the models. The models, as seen in Figure 2 are structured into three levels. 
Inspiration has been gained by the Meta-Object-Facility (MOF) standard [29] defined 
for the Model Driven Engineering domain. Specifically, the hierarchy of the 
ontologies resembles the bottom three levels of the MOF structure, namely the meta-
models, the models and the instances of the models. 

The level 2 Ontology (O2) includes the description of the abstract platform 
services. Common concepts that define the platform basic services are captured at this 
level. Information about the configuration settings and the authentication mechanisms 
of the service are included. The O2 level also contains concepts, such as Operations 
and Attributes, required to describe an API.  
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Fig. 2. The three levels of the ontology hierarchy 

The level 1 Ontologies (O1) includes the concrete description of each of the 
platform basic services, which are supported by the framework. A dedicated ontology 
corresponds to each of the services and captures information about the functionality 
that they expose. For example, in the case of the cloud e-mail service, information 
that is captured in the O1 ontology describes the functionality for performing actions 
related to sending, receiving and manipulating e-mails. The ontologies in the O1 level 
are also referred to as Template ontologies.  

The level 0 Ontologies (O0) include the description of the specific platform service 
providers. A dedicated ontology corresponds to each of the service providers and 
describes the native vendor specific API. For example, in the case of the e-mail 
service, an O0 ontology describes the concrete operations and attributes that a 
provider specific API exposes. The ontologies in the O0 level are also referred to as 
Instance ontologies. The users of the framework can form the Instance ontologies 
after reading the service providers` API. Alternatively, the Instance ontologies are 
created and published by the service providers and are automatically discovered by 
the framework. 

In order to further clarify the use of the three levels of ontologies and the 
relationships among them, a simple description of a vendor specific API is 
constructed. The example that follows serves only illustrative purposes. Therefore, for 
the sake of simplicity only the necessary amount of information has been included. 
The example focuses on the cloud e-mail service and particularly on the description 
of the operation, which allows the users to send e-mails. 
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ontologies can be fed manually to the Ontology Handler. Then, it performs a 
consistency check to reassure that the Instance ontology conforms to the respective 
Template ontology. For that reason the capabilities of reasoning in ontologies may be 
exploited. Consequently, the ontology is parsed and an object representation is 
created in memory. The object representation of the ontology is then forwarded to the 
Code Generator.  

The Abstract Platform Service models contain a collection of abstract models, 
which correspond to the Template ontology and describe the service. They can be 
considered as the scaffold of the service. They are later enriched with the provider`s 
specific API information. 

The Code Generator, as the name implies, is responsible for generating the 
concrete source code for the target service provider. It receives as input the object 
representation of the parsed Instance ontology and the abstract service models. Then 
it enriches the abstract models with the provider specific information and outputs the 
provider specific source code. Thus, while the developer uses a single common API 
to access a platform service, internally the source code is adjusted to map each time to 
the concrete service provider API. 

In order to illustrate the functionality of the proposed framework, the example of 
the cloud e-mail service has been used. However, the generic nature of the framework 
enables the support of any platform basic service offered via a web API. As described 
in Section 4, the Template and Instance ontologies are required. The former captures 
the reference functionality that is exposed to the developers. The latter includes the 
provider specific API and the mapping to the reference functionality.  

The proposed solution is capable of abstracting efficiently the heterogeneities 
among the cloud providers` APIs and thus eliminating the exposure of the application 
to proprietary APIs. However, the approach is inherently limited to the abstraction of 
the common functionality offered by the cloud providers. This means that specific 
functionality that is provided only by one vendor is not included in the Template 
ontologies and therefore not mapped to the abstract reference API. In order to allow 
developers to use the provider specific functionality, the latter is described directly in 
the Instance ontologies. Then, additional client adapters can be generated and used by 
the developers. In case the functionality is adopted by additional providers it can be 
also included in the Template ontology. Therefore, the proposed framework rather 
than being static, it is continuously updated to accommodate new features offered by 
the platform basic services.  

5 Conclusions 

In this paper, we addressed the issue of the design of service-based cloud applications 
capable of leveraging services offered by multiple cloud environments. To this end, 
we presented an ontology driven framework, which facilitates: (i) the description of 
the functionality of concrete service providers, (ii) the provisioning of a common 
platform service API to be used independently of the target provider and (iii) the 
automatic generation of the client adapters required to consume the target services. 
The proposed solution comprises two main parts: the ontological description of the 



 On the Role of Ontologies in the Design of Service Based Cloud Applications 11 

 

services and the core engine. The first one includes the Template and Instance 
ontologies, which contain the abstract and the provider specific service description 
respectively. The second part reads the Instance ontology and generates the source 
code for the target provider. Thus, the use of the ontology driven framework 
facilitates the design of applications exploiting services from multiple platforms using 
provider independent API rather than being bound to proprietary technologies. 
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