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Abstract. Business processes can benefit from cloud offerings, but bridging the 
gap between business requirements and technical solutions is still a big chal-
lenge. We propose Business Process as a Service (BPaaS) as a main concept for 
the alignment of business process with IT in the cloud. The mechanisms de-
scribed in this paper provide modelling facilities for both business and IT lev-
els: (a) a graphical modelling environment for processes, workflows and service 
requirements, (b) an extension of an enterprise ontology with cloud-specific 
concepts, (c) semantic lifting of graphical models and (d) SPARQL querying 
and inferencing for semantic alignment of business and cloud IT.  

1 Introduction 

Currently cloud components are offered in a way that is well understood by IT-
specialists. Many small and medium enterprises (SMEs) are currently excluded from 
using the Cloud due to high entry barriers, related to missing technical expertise to 
evaluate cloud services and to prepare the enterprise for the cloud usage. There is a 
big gap between pragmatic, legally influenced business processes and a huge cloud 
market with numerous offerings that rarely consider business situations but focus on 
technical details. 

The EU-funded project CloudSocket aims to support the wide usage of cloud com-
puting to SMEs such that they can easily benefit from cost reduction, as well as, from 
the dynamic and adaptive IT infrastructure in order to reduce their administrative 
burden and enable agility as well as new business opportunities. 

This is achieved by the concept of Business Process as a Service (BPaaS), which 
maps to the ability to autonomously run whole business processes in the cloud. It is 
the objective of our approach that business users do not have to care for technical 
details, but specify their requirements in a business language. Then, through the envi-
ronment proposed, support for the alignment between the business and IT level can be 



 

 

achieved mapping business-oriented models to technical ones that can drive the allo-
cation and execution of business processes in the cloud. 

The BPaaS Design Environment provides conceptual modelling tools for (a) de-
signing domain specific business processes, (b) executable workflows, (c) additional 
description and rules for deployment as well as (d) key performance indicators. It not 
only allows the business user to model the requirements in a business language but 
also supports the smart alignment of business and IT in the cloud. This involves the 
identification of executable workflows for specific business process models through 
applying service discovery and composition techniques. This requires that the infor-
mation about the business process, the service requirements and the workflows are 
represented in machine-interpretable format [16]. 

The BPaaS Design Environment (see Fig. 1) supports both machine interpretation 
and human interpretation of the enterprise model. The human-interpretable, graph-
ical modelling is supported by the model stack as presented in Section5. The ma-
chine-interpretation is supported by the BPaaS Ontology and used for alignment as 
described in Sections 6 and 7. The integration of these two interpretation types is 
achieved by the semantical lifting of the graphical models (see Section 8). 

 
Fig. 1. General structure of the BPaaS Design Environment 

2 Literature Review 

Modelling the business processes, workflows and services in CloudSocket is part 
of enterprise modelling - the description and definition of the processes, structure, 
information and resources of an enterprise. According to Fox and Gruninger [11] an 
enterprise model must supply the information and knowledge necessary to support the 
operations of the enterprise. Enterprise modelling techniques are developed in several 
fields such as business process modelling, information modelling, systems modelling, 
and enterprise architecture. 

Enterprise architecture (EA) models describe all relevant business structures, IT 
structures, and their relationships. The Zachman Framework is a two dimensional 
matrix, in which the cells contain models [32]. Another well-known EA framework is 
TOGAF [26]. The overall enterprise architecture comprises a set of closely inter-



 

 

related architectures: Business Architecture, Information Systems Architecture, and 
Technology Architecture. The ArchiMate Standard [28] introduces an integrated lan-
guage for describing enterprise architectures.  

OMG has developed several specialized modelling languages for enterprise model-
ling, for example Business Process Model and Notation (BPMN) [24], Case Man-
agement Model and Notation (CMMN) [25], the Decision Model and Notation 
(DMN) [26] and the Business Motivation Model (BMM) [21]. The primary purpose 
of these graphical modelling languages is to support communication between human 
stakeholders, although there do exist execution engines for BPMN and decision ta-
bles. 

The purpose of ontologies in enterprise modelling is to formalize and establish the 
shareability, re-usability, assimilation and dissemination of information across all 
organizations and departments within an enterprise.  Describing enterprise architec-
ture as an ontology started in the 1990s with TOVE [9], The Edinburgh Enterprise 
Ontology [30] and the organizational memory [1]. More recent work is the Context 
Based Enterprise Ontology [19]. Den Haan [8] has used an enterprise ontology to 
realize a Model-Driven Enterprise Engineering. 

In the context of enterprise ontologies, the semantic business process management 
approach aims to achieve a new dimension of business IT alignment. Adding seman-
tics to business processes enables machine reasoning and allows exploiting the full 
potential of process automation [15]. 

Conventional cloud services offerings include software as a service (SaaS), plat-
form as a service (PaaS), and infrastructure as a service (IaaS). These offerings im-
pose vendor lock-in and challenge the “developers to mix and match freely from di-
verse cloud services tiers” [22]. The concept of business process as a service (BPaaS) 
provides the flexibility of mixing different delivery models and focusing on the end-
to-end business processes instead of single applications [22]. Flexibility is also ar-
chived by the atomized and dynamic configuration possibilities supported through the 
monitoring of threshold values on business and technical metrics. New resources can 
be added or removed to/from the BPaaS according to the individual needs.  

BPaaS represents an initial field of research. Most of the research work proposed 
focuses on how to define BPaaS and the respective candidate architectures to realise it 
[2]. Some work has concentrated on dealing with security aspects (e.g., anonymisa-
tion-based protocols for BPaaS fragments [3]). Finally, initial work has been conduct-
ed on how elasticity can be realised for BPaaS through a specific formal model and a 
respective elasticity framework [20].   

3 Overview of the BPaaS Design Environment 

The BPaaS Design Environment comprises two modelling components - the BPaaS 
Modelling Environment and the BPaaS Ontology, including the inference engine for 
the smart alignment (see Error! Reference source not found.). The BPaaS Model-
ling Environment encompasses the meta-model for the human-interpretable, graphical 
modelling languages, i.e. Business Process Model and Notation (BPMN) [24]. 



 

 

 
Fig. 2. Elements of the BPaaS Design Environment 

The graphical models can then be semantically annotated with the ontological con-
cepts, which are defined in the BPaaS Ontology. This means, that both ontology and 
meta-model development have to be synchronized in the sense that the ontology con-
tains class definitions describing the intended semantics of the elements of the graph-
ical modelling language. For the design environment user, this approach provides the 
possibility of modelling the business process and annotating the elements modelled 
with corresponding functional and non-functional service specifications, such as busi-
ness, technical and compliance requirements. 

4 Methodology 

The development of the BPaaS Design Environment was supported by the 
OMiLAB LifeCycle, which is the basis of Agile Model Method Engineering [17] and 
has been developed and successfully used in the Open Models Initiative 
(http://www.openmodels.at).  

Fig. 3 depicts in the upper part the abstract developing methodology proposed by 
OMiLAB and in the lower part the concrete instantiation in the context of the BPaaS 
Design Environment. The research presented in this paper focuses on the first three 
methodology phases. 

• Create phase: In this phase the domain and scope of the modelling framework 
were determined and the class hierarchy was defined. This phase is comparable to 
steps 1 to 5 of the approach for ontology development [21]. We analysed real situa-
tions of small and medium enterprises and identified a list of so called competency 
questions, which served as a basis to determine the scope of the ontology [29] 

• Design and formalize phase: Those two phases are combined using a rapid proto-
typing approach. In ADOxx.org rapid prototypes of the BPaaS Modeling Environ-
ment were implemented. In parallel, a first prototype of the BPaaS Ontology was 
realized as an extension of the already existing ArchiMEO ontology. 



 

 

 
Fig. 3. Adapted OMiLAB methodology 

For the development of the BPaaS Design Environment we analysed several real-
world business scenarios. This was done in workshops with use case partners of the 
CloudSocket project. The business scenarios served as a starting point, since they 
represent real situations as they occur in enterprises. We implemented a cloud realiza-
tion of a simple scenario - the sending of Christmas cards. This process is based on 
three main services (a) card designer, (b) customer relationship management, and (c) 
email service. Although this process seems to be simple, the underlying complexity 
increases by configuring the process such that particular requirements are met (e.g., 
industry compliance, data privacy, scheduling). 

To determine the scope of the modelling framework we sketched a list of questions 
that the system should be able to answer. These questions are called competency 
questions. They have been introduced by Gruninger and Fox [13] as a method for 
enterprise engineering and ontology scope determination [29]. This approach is wide-
ly known and was amongst others adopted by De Leenheer & Mens [7], De Brujin [6] 
and Cardoso [4]. 

In order to develop the competency questions we analysed the individual compo-
nents of the CloudSocket ecosystem. Who are the involved actors? What kind of val-
ue objects are exchanged? What are the value activities? Who are the composite ac-
tors? Four areas of competency questions have been identified that can be raised: 

• General alignment: Questions regarding the mapping of business processes to 
workflows, e.g., which workflows are available for a given business process. 

• Business perspective: Questions with respect to payment, contract, monitoring and 
support of the BPaaS and questions prospective customers might ask in order to as-
sess the trustworthiness of the cloud service provider 

• Security/legal perspective: Questions that are important with respect to securi-
ty/risks/functionality or for SMEs in general or for SMEs operating in highly regu-
lated industries. 

• Technical perspective: Questions with respect to data formats, platforms or imple-
mentation. 



 

 

5 BPaaS Modelling Method 

Models are representing part of reality or a vision in an agreed modelling language. 
The BPaaS meta model defines the (a) domain specific business layer and (b) the IT-
Cloud relevant technical layer, as well as the interaction between them (see Error! 
Reference source not found.).  

• The business process layer includes business process, organisation and design 
models.  
─ A process map model gives an overview of the organisation's processes. The 

modelling language of the BPaaS business processes is a subset of BPMN 2.0 
that can be linked to: (a) service description (b) decision, and to (c) key perfor-
mance indicator models. This subset is selected based on the authors' practical 
experience and the analysis of the use cases. 

─ An organization model can be built to illustrate a detailed structure of a working 
environment for the business process. 

─ Document models represent documents (templates), which are utilized in the 
processes as input and output to activities. 

• The IT layer consists of workflow models. Workflows are described with BPMN 
2.0 [24] extended by execution-specific technical details and IT-related KPIs. 

• The interaction between the domain-specific business layer and the IT layer is done 
by semantically lifting business process and workflow models with the Service De-
scription Model. Within this model type process tasks can be semantically enriched 
by describing the requirements derived from the business process for Cloud Ser-
vices. We categorized service requirements in (a) functional-, (b) input- (c) output- 
(d) non-functional- (e) business-, and (f) regulatory dimensions. 

 
Fig. 4. The BPaaS Model Stack 



 

 

• For both business and IT layers, there are links to the KPI and the decision models. 
The KPI cause effect model allows to model operational and strategic goals of 
cloud realizations. Such goals can be quantified by performance indicators. The 
aim of the decision model type, which corresponds to DMN, is to enable business 
users (e.g. analysts, technical developers) to comprehend the decisions and relate 
them to the data that might be held in the cloud. 

• The Semantic Transit Model is used for semantic lifting of graphical models (see 
Section 8) 

6 BPaaS Ontology 

The BPaaS Ontology is implemented as an extension of the ArchiMEO enterprise 
ontology (http://ikm-group.ch/archimeo) with cloud-specific concepts, which are 
needed for smart alignment of the business and IT levels in the cloud. The cloud-
specific extensions were determined from the analysis of the business scenarios and 
competency questions as described in Section Error! Reference source not found.. 
To enable a suitable and correct semantic lifting process, it is taken care that the 
BPaaS Ontology is consistent with the modelling method as described in Section 5. 
ArchiMEO includes a top-level ontology, which contains general concepts, e.g. for 
location or time. Additionally it contains an Enterprise Upper Ontology with the con-
cepts of the ArchiMate modelling language [28] as well as classes which represent the 
modelling elements of standard modelling languages like BPMN 2.0. The elements of 
these modelling languages are related to in the concepts coming from ArchiMate. For 
example, a BPMN activity is represented as a subclass of a Business Activity, which 
itself is a subclass of a Behaviour element in ArchiMate. 

The BPaaS Ontology extends the ArchiMEO ontology according to the BPaaS re-
quirements. Fig. 5 depicts the class diagram of the overall conceptual model for the 
business perspective. The classes are integrated in the class hierarchy of ArchiMEO. 

 
Fig. 5. Conceptual Model of the business perspective 



 

 

The class diagram highlights in red and labelled with (a) the classes of Cloud Pro-
vider (CP) and Cloud Consumer (CC). The ontology hierarchy in left part of  Fig. 6 
shows that these classes are modelled as sub-classes of the ArchiMate concept Busi-
nessRole. 

The right part of Fig. 6 shows the different kinds of services labelled with (b). 
Support and consulting services are classified as business services while cloud ser-
vices represent a specialization of application services. A third part of the conceptual 
model (c) shows the (Cloud) Service Level Agreement (SLA), which is defined as 
sub-concept of Contract, which itself is a Business Object in ArchiMate. 

 

 
Fig. 6. Embedding cloud concepts into ArchiMEO 

7 Alignment Support 

The inference component for Smart Business and IT Alignment in the Cloud en-
compasses queries and rules to answer the already determined competency questions. 
These can be complex questions like: "Are there existing workflows for my business 
process?" or simpler like "Does the pricing model of the service allow payments per 
month?" or "Does the provider offer consulting services?" 

The alignment is based on inference rules to propose workflows, services, and 
cloud providers that satisfy the requirements specified in the service description mod-
el referring to business process models and workflow models.  

The inference engine applies the inference rules based on the SPARQL Inferencing 
Notation (SPIN), a W3C specification submission [18]. As a simple example, the 
following is a query that collects all Cloud providers offering consulting services: 

 
SELECT DISTINCT ?cloudprovider ?service  

WHERE { 

    ?cloudprovider rdf:type bpaas:CloudProvider. 

    ?cloudprovider bpaas:CPoffersService ?service. 

    ?service rdf:type bpaas:Consultingservice . 

} 

 



 

 

SPIN allows to link class definitions with SPARQL [31] queries to capture con-
straints and rules and to formalize the expected behaviour of those classes. This is 
used in the BPaaS Design Environment to specify mapping rules between elements. 
For example, it can be used to derive requirements for the location of data depending 
on the type of data:  

IF data contains personal data  
THEN location of data is EU. 

This rule uses the classes personal data and location, which are defined in the Ar-
chiMEO and BPaaS Ontology. Personal data refers to instances of concrete process 
models. 

8 Semantic Lifting 

In order to apply the inference rules and queries for smart alignment, the content of 
the graphical models has to be translated into on ontology representation. This seman-
tic enrichment of models and meta models corresponds to two approaches (Fig. 7).  

 
Fig. 7. Realization Types of Semantic Lifting	

• Semantic nature of the meta model: The concepts of the graphical meta models 
have corresponding classes in the ontology. Some meta-models already include 
semantics, while for others their content has to be semantically-lifted or enriched. 
This approach is called semantic synchronization in Fig. 2. 

• Semantic Lifting Process: Elements of the graphical models are annotated with 
knowledge from an ontology. This can be can be performed by humans via manual 
annotations, or by machines that follow pre-defined mapping rules. The semantic 
annotation, transformation and mapping of Fig. 2 belong to this approach. 

In order to enable smart business and IT-Cloud alignment, a transformation is im-
plemented, which creates a formal representation of the graphical models. The basic 
mechanism is based on the transformation approach of the LearnPAd project [9]. 
Semantic annotations allow for the human modeller to add semantics to the modelling 



 

 

element while creating the graphical models [16]. There are seven different ways of 
implementing semantic annotation. 

• Non-Supported direct linkage provides the possibility to annotate by using freely 
chosen keywords that correspond to ontology classes. 

• Supported pre-defined direct linkage is the mechanism of providing a list of possi-
ble semantic annotations. The content of the lists is taken from the ontology, thus 
the selection can be interpreted. 

• Supported Direct Linkage is the scenario where tool support enables the possibility 
to select semantic concepts from the ontology model. The linkage is established via 
a so-called “semantic tunnel”, which can be implemented as Web-Services, which 
query the ontology tool to list all relevant semantic elements. 

• Indirect Linkage describes the scenario where relevant concepts of the semantic 
target model are copied in a so-called “Semantic Transit Model”, in order to sim-
plify the selection of a semantic concept within the source model environment. 

• Direct and Indirect Linkage. This scenario combines the direct linkage as well as 
the indirect linkage. High level and preferable stable concepts are copied into the 
Semantic Transit Model, whereas the flexible direct linkage is provided for lower 
and probably more agile concepts. 

• Loose Coupling. In this scenario an intermediate ontological layer is introduced 
that enables the loose linkage of concepts in contrast to the aforementioned direct 
linkage. Loose coupling does not introduce a new technical way of introducing 
semantics but introduces an intermediate ontology acting as reference. 

• Graphical Annotation. This scenario uses the graphical position of objects for its 
annotation. It is hence the realization of a semantic whiteboard, where the back-
ground image is the model which is to be annotated. Semantic tags – similar to 
post-its – are placed close to a model object and hence annotate it. 

9 Conclusion 

The design environment of the smart Business and IT-Cloud Alignment uses in-
formal (text), semi-formal (graphic) and formal (ontology, rules) knowledge represen-
tation languages to support the modelling and provisioning of BPaaS  

Business scenarios were analysed and competency questions were derived in order 
to determine the scope of the modelling framework. The BPaaS modelling method 
was implemented in the ADOxx meta-modelling platform. The model types were 
extended with algorithms and mechanisms for semantic lifting to connect the graph-
ical models with the BPaaS ontology. The BPaaS Ontology contains the relevant clas-
ses for the smart Business and IT-Cloud alignment. A first version of the prototype is 
available free for download from the project website (http://www.cloudsocket.eu).  

The specification of the queries and alignment rules requires competence in ontol-
ogy engineering. In a future version we plan to use the Decision Model Notation also 
for specification of the rules for service discovery, composition and alignment. They 
shall be translated into executable rules for better supporting the smart alignment of 
business and IT in the cloud. 
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