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Abstract. This paper discusses the integration of ontologies with service cho-
reographies in view of recommending interest points to the modeler for model 
improvement. The concept is based on an ontology of recommendations (eva-
luated by metrics) attached to the elements of the model. The ontology and an 
associated knowledge base are used in order to extract correct recommendations 
(specified as textual annotations attached to the model) and present them to the 
modeler. Recommendations may result in model improvements. The recom-
mendations rely on similarity measures between the captured modeler design 
intention and the knowledge stored in the ontology and knowledge bases. 
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1 Context and Motivation 

Today, organizations are moving towards inter-organizational communications. 
Therefore, their business processes depend on services provided by external organiza-
tions. Modular solutions relying on service oriented approaches (Service Oriented 
Computing - SOC) [1] are becoming popular in the implementation of  business 
processes where business activities are conceived as services. One way to realize 
processes involving services is by means of service choreography [2], which gives 
an overall view of interactions between organizations. The global view provided by 
choreographies is necessary to better understand, build, analyze and optimize inter-
organizational processes. This interest is illustrated within the CHOREOS project [3]. 
One of the applications of this project is to achieve a “passenger-friendly airport” that 
coordinates the different airport services in a decentralized way.  

However, analyzing and optimizing is not a one shot process. They need to be 
integrated into a continuous improvement cycle [4]. In our vision, business processes 
are modeled in languages such as BPMN [5]. Then, they are annotated by quality 
recommendations such as average latency or the number of messages sent and re-
ceived. For that purpose, we plan to use ontologies.   

Ontologies are used in this paper in order to model the domain knowledge related 
to the recommendation annotations attached to the choreography elements. Ontology 
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The roles required to implement this choreography are: a Trigger which will be 
played by the pilot, a Controller played by the airport, an Alarm Coordinator  played 
by the company ground staff, an Accommodation Provider, played by a travel agency 
and a Transport Provider which is played by a transport company. In this scenario, 
we observe that several roles are involved. None of them has the capacity to make the 
overall decisions as a central control point. Moreover, it would be very risky to have a 
single point of failure. The solution to this problem is naturally provided by the cho-
reography paradigm, which has a distributed nature. 

When choreography is modeled, some information, e.g., the load between roles, 
may be critical. We observe that the load between roles could be measured using dif-
ferent metrics such as the number of relations, the average latency, the number of 
messages sent and received, etc. This information could be extracted when the cho-
reography is enacted, but also the structure of the model could give some insights 
about the balance (e.g., the number of relations). Also, a modeler might be interested 
in particular parts of the model because they are considered critical (e.g., the relation-
ship between Controller and Alarm Coordinator) whereas other parts might be consi-
dered to be less important. The different nature of the information and the need of 
personalization motivate the inclusion of structured annotations as survey points in 
the model. The annotations will help extracting valuable information in order to better 
understand and improve the choreography model. An example of annotation that a 
modeler may be interested to insert in a choreography model is given in section 5.1. 

3 Approach Overview 

This section presents the global overview of the approach. We followed a continuous 
improvement process to describe the integration between ontologies and service cho-
reographies. The steps in the methodology are derived from Deming’s PDCA cycle 
(Plan Do Check Act) [4] (See Fig. 2). This process is modeled using the BPMN 2.0 
process notation [5]. In addition to the methodology phase, this model also represents 
the different states in which the choreography model will evolve as well as the infor-
mation bases related to the ontology. 

The phases concerning the methodology are the following: (i) Model: this phase 
refers to the construction of the requirements elicitation and the construction of the 
choreography model. (ii) Annotate: this phase refers to the enrichment of the choreo-
graphy model with the recommendation annotations. The modeler indicates here what 
the interest points within the model are. The modeler relies on a knowledge-based 
(recommendation) system as an annotation helper, on recommendation ontology and 
on a knowledge base that stores correct recommendations. (iii) Survey: in this phase, 
the choreography is enacted and then studied. The numerical values corresponding to 
the recommendation annotations will be extracted. (iv) Improvement Analysis: in 
this phase the analysis of the evaluated model is realized. The modeler might decide 
what corrective actions may be necessary to perform. If the modeler decides that there 
are no more improvements to do, the process stops. However, if after the analysis, the 
modeler considers that the choreography model has to be improved, then she returns 
to the Model phase. If the modeler considers that the annotations are not appropriate 
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to her intentions, she returns to the Annotate phase. (v) Update: In this phase, the 
ontology engineer updates the knowledge base and/or the recommendation ontology 
with the newly identified recommendations. The annotation system therefore will be 
limited by the information stored in the knowledge base. This information will be 
enriched as the system is used and new recommendations are proposed by the mod-
eler and the ontology expert. 

 

Fig. 2. Overview of the approach 

Note that Choreography Modeler may represent several organizational roles such 
as analyst, architect or developer but we did not represent them for simplicity reasons. 
We focus on the distinction between the parts of the process concerning the choreo-
graphy model and the ones concerning the ontology. The two parts are explained in 
the following two sections. 

4 Service Choreographies 

In this section we introduce the concept of service choreographies through a simplifi-
cation of choreographies in BPMN 2.0.  

4.1 Choreography Model 

Choreography generally refers to a description of coordinated interactions between 
two or more parties. Messages exchanged between the different services are tracked 
from a global viewpoint. There is no central coordinator so all parties are distributed 
[2]. Decker et al. [8] give a critical overview of different choreography languages 
such as Let’s Dance, BPEL4Chor and WS-CDL. These different proposals seem to 
converge in the latest version of the Business Process Model and Notation (BPMN 
2.0) [5], which is the de-facto standard for business process models. In the latest ver-
sion of BPMN, choreography has been adopted as a first-class citizen. 

In this paper we will only focus on an abstract level of choreographies where the 
fundamental elements of choreography are presented. This level, illustrated in Fig. 3, 
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5 Ontologies for Service Choreographies 

This section illustrates how the choreography model presented in the previous section 
is enriched with semantics. It describes 1) the recommendation ontology and know-
ledge base used to annotate the choreography model; 2) the structure of the recom-
mendations; and 3) the supporting annotation tool proposed. 

5.1 Recommendation Ontology and Knowledge Base 

In this study, the recommendations attached to the model elements are represented by 
an OWL ontology designed under Protégé1.  

 

Fig. 4. Overview of the Recommendation Model 

The recommendation ontology consists of facts and application-specific con-
straints applied to these facts. An example of a fact is: “a recommendation is meas-
ured by a metric / a metric measures a recommendation”. A constraint imposed on 
this fact could be “There is at least one recommendation associated to a metric”.  

The knowledge base stores a set of correctly defined instances of recommenda-
tions. The recommendations in the knowledge base represent a collaborative (com-
munity) and continuous effort. The recommendations need to be approved by an ex-
pert (ontology engineer) before entering the knowledge base. An example of syntacti-
cally and semantically correctly defined recommendation that marks a point of inter-
est on a “role” element regarding the number of relationships in order to analyze the 
choreography load balance among roles is:  

@RoleLinkability [criterium=“Load” choreography element 

=“Role” metric=”RoleRelationshipNb”]. 
The recommendation ontology and knowledge base are used to annotate the fol-

lowing elements of the choreography model: Role, Actor, RoleRelationship, Gateway, 
Choreography Activity, Event and Choreography. Fig. 4 gives an overview of the 
recommendation ontology structure that we propose. This model is inspired from the 

                                                           
1 http://protege.stanford.edu/ 
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QUIMERA quality meta-model proposed by Frey et al.[11]. A recommendation ap-
plies to at least one choreography element (1..*). A recommendation is in relation to a 
criterion which it recommends (1..*), it is measured by zero or more  metrics (0..*) 
and is evaluated by an evaluation method, according to numerical results returned by 
the metric(s). The structure of a recommendation annotation within the ontology is 
described in the following sub-section. 

5.2 Recommendation Annotation 

A recommendation annotation is a text annotation attached to a choreography element 
in order to mark a point of interest in the model. The syntax of a recommendation 
annotation is specified by a recommendation term, followed by a parameter-value list, 
as follows: @RecommendationTerm [parameter = value]. 

The parameters are: the criterion, the choreography element being annotated and 
one or more metrics representing numerical information about the recommendation.  

It could be argued that the insertion of many annotations into the choreography 
model could result in a visually overloaded model. Therefore, we will propose graph-
ical markers to visually represent annotations while managing the complexity of the 
annotated model. 

5.3 Extraction of Recommendations 

The specification of the recommendations is not a straightforward task, especially 
when dealing with tens or hundreds of recommendations, with their intrinsic proper-
ties. In order to overcome the difficulties the process modeler might encounter when 
defining a recommendation annotation, we propose a knowledge-based recommender 
system as a supporting tool for our methodology. The recommender system is able to: 
1) capture the process modeler intention thanks to a user-friendly interface; 2) com-
pare it with the knowledge expressed in the ontology and in the knowledge base; and 
3) propose a valid set of recommendations. 

The tool is based on a previously proposed solution [7]. The proposed architecture 
contains several modules encapsulating the main functions of the system. In this 
study, we focus on the annotator and the retriever components adapted to choreogra-
phies: 1) the annotator is the module that assists the user with concepts from the 
ontology base, in order to define syntactically correct annotations. It is used either as 
an auto-completion operation while the user is typing in the desired elements or as an 
ontology browser; 2) the retriever component extracts objects from the knowledge 
base that are similar to the input object provided by the user. This component is based 
on graph-based retrieval (e.g., SPARQL queries) and on various similarity measures. 
For example, the user only wants to retrieve those objects with a particular value for 
“criterion”. The result of the retrieval operation is a set of recommendations. 

The retriever performs similarity check in order to compare and classify the user 
request with the set of recommendations available in the knowledge base. The match-
ing can be performed at a string, a lexical, or a graph (ontology) level depending on 
the user input. For example, when a user performs a typing error, the system could 
perform a string matching operation in order to find the correct term. In other cases, 
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when several organizations participate in the design of a choreography model, the 
differences between their vocabularies must be taken into account. The system han-
dles this by performing lexical matching according to predefined organization-
specific dictionaries. 

The following section shows how the annotation approach was applied in order to 
define correct recommendation annotations within the unexpected plane arrival sce-
nario presented in Section 2. 

6 Example of the Application of the Methodology 

In this section, we present the application scenario relying on the motivating scenario 
of Section 2. Fig. 5 shows a simplified choreography model in its three possible 
states. At the end of the Model phase, we get a Modeled choreography model. In the 
Annotate phase, the recommendations will be introduced relying on the Recommen-
dation System to produce an Annotated model. The structured annotations are ex-
tracted relying on user’s keywords as explained in Section 5.3. 

Fig. 5 shows that we might have several RoleLinkability recommendation instances 
linked to different elements of the model. The example also illustrates how the same 
recommendation may be linked to different metrics (i.e., different ways to calculate 
the numerical values). In the Survey phase, the annotations may extract some numeri-
cal values and some interpretation help so that the modeler can proceed to the analy-
sis. The way these values are calculated has to be defined in the evaluation method 
(see Fig. 4) attached to a recommendation. For the moment, we focus on 

 

Fig. 5. Overview of the Application Scenario 
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model properties that can be easily extracted from the model serialization (e.g., the 
number of relationships). Note that the numerical values given in the figure are just an 
example and that the extraction of the execution properties is not yet implemented. 
The resulting model in this phase is Evaluated. The latter model is the entry point for 
the Improvement Analysis phase where the modeler decides if the model should be 
improved and if the defined annotations are appropriate or there may be changed. 

This scenario shows the interest of the approach giving an application example that 
implements the methodology explained before. It also illustrates how ontologies, via 
the recommender system, are integrated with choreographies. 

7 Related Work 

The importance of adding semantics to business process models has been recognized 
within the business process community for several years now [12]. Currently, Seman-
tic Web technologies are applied in order to enrich the business processes. The com-
mon instrument for specifying the semantics are the semantic annotations, used in 
order to either model the process dynamics [13] or the process structure, as demon-
strated within the SUPER project [14]. Other approaches focus on the semantic inte-
roperability of the business process knowledge [15]. Moreover, semantic annotations 
have been added to business processes in order to provide user support during the 
model design process, as described in [16]. This paper is mostly in-line with the last 
two mentioned approaches, aiming at capturing the user design intentions and provid-
ing appropriate recommendations to the process modeler and in the same time enforce 
the semantic interoperability. 

Regarding the recommender systems, they have been extensively used applications 
such as, for example, e-commerce [17]. Semantic recommender systems are the next-
generation recommender systems [7]. This study goes beyond the state of the art, 
focusing on personalized recommendations, by capturing the user design intentions 
and their similarity to an evolving knowledge base and ontology. 

We extend our previous work by proposing a user-friendly recommender system 
which is intended to support the modeler during the evaluation and improvement of a 
choreography model. 

8 Conclusion and Future Work 

This paper presents an ongoing study for the retrieval of choreography recommenda-
tions in view of model analysis and improvement. The paper presents a methodology 
that brings together choreography models and ontologies. The paper suggests relying 
on a continuous improvement process based on these recommendations to help mod-
eler(s) in the design of choreographies. 

Future work concerns the extension of the current study with an intuitive interface 
with respect to capturing the process modeler design intentions and the presentation 
of the results. We are planning to integrate an existing prototype of a graphical editor 
for choreographies with the aforementioned ontology-based tool Protégé, so that we 
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can query the ontology from the editor to extract the annotations. Another interesting 
approach could be to use the annotated criteria for feeding a simulation model. 

The extension of the retriever component with new similarity metrics is work in 
progress. The enrichment of the knowledge base with expert knowledge and the study 
of automatizing its evolution is also ongoing work. 

Another interest point to be studied is the possibility to link the recommendations 
and the corresponding numerical value to the three levels of the choreography meta-
model that we defined in our previous work in view of adapting the extracted infor-
mation to the desired level of detail. We consider validating the approach by an  
empirical experiment to observe if recommendations help modelers to improve their 
models without adding extra-complexity. 
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