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1 PATTERN ID-CARD 

 

 Name Data Mediation 

Abstract This pattern mediates between the 
incompatible and heterogeneous output 
and input messages exchanged 
between subsequent service 
invocations, whereby the output 
message of former service invocation 
can be consumed as input message by 
the later service. 

Level Abstract 

Type Functional 

Key Concerns services,  

messaging,  

composition 

Credits SOA4ALL (Atos, Manchester Univ, CEFRIEL) 

Contact Yosu Gorroñogoitia 
(jesus.gorronogoitia@atosorigin.com) 
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2 PROBLEM DESCRIPTION  

Web services are invoked by sending them an input message compliant to the 
input message schema demanded by the WS provider.  In the context of single 
WS invocation, this is not an obstacle since the consumer can create a 
compatible message programmatically, once she has provisioned the needed 
information. In complex processes execution environment, the situation 
changes when the output of one message has to be sent to another service but 
both output and input messages are incompatible since they have some 
heterogeneities.  

Therefore, it is required a data transformation mechanism to convert the output 
message provided by the first service (source) into the input message required 
by the second service (target). This approach is named as Data Mediation. 

Data included in messages exchanged between services (as output or input) 
are described by formal schemas, normally using XSD since service messages 
are XML documents. However, this approach provides a pure syntactical 
description of the messages exchange but not any semantic meaning. This 
meaning is achieved by linking the syntactic description to a domain specific 
semantic model (Ontology) that describes their meaning.  

There are several types of possible data mismatching between subsequent 
service messages within a process: 

 Syntactic heterogeneity: differences in the languages used to represent the 
data schemas. However, this is not an issue in case of WS since normally 
messages are coded as XML and the data types within are described by 
XML schemas (XSD) within the description of the WS: WSDL.  

 Structural heterogeneity: differences in the structure of data schemas, that 
is, the data schemas of the source and target data are different (i.e. different 
elements, attributes, ranges, units, etc) 

 Model/Representational heterogeneity: differences on the underlying models 
or their representations, which are used to semantically describe the entities 
included within the data schemas. 

 Semantic heterogeneity: different concepts included in the semantic models 
are describing the same real world entity that the data schema refers to. 

While syntactic and representational heterogeneity are not a problem in case of 
WS since they are solved by the underlying XML (and RDF) representation 
format for SOAP messages and ontological models, the other sources of 
mismatching are common: naming conflicts for entities and properties, data 
representation (unit format), data scaling (precision), schema isomorphism 
(structure), abstraction level, etc.  

While historically, manual data mediation has been used to convert from the 
one data schema into another, this method is impractical, since it doesnôt scale  
(requires nxm data schema mappings) and their maintenance is high costly 
(data schema mappings require to be adapted every time of one both source 
and target schemas have changed). An automatic way to mediate between 
heterogeneous data schemas is described in this pattern. 
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3 FUNCTIONAL REQUIREMENTS  

Letôs consider two WS, WSA and WSB participating in a common process in a 
subsequent way, that is, WSA is invoked first and WSB immediately afterwards. 
We assume that WSA provides an output OA and WSB consumes some input IB 

which has to be obtained from OA. We also assume that OA is compliant to 
some data schema DSA while is compliant to another DSB. We assume the DSA 

and DSB are different, that is, there are heterogeneities among them. 

We request a data mediation solution that satisfies the following method 
signature: 

mediate (DSA OA): DSB 

 

This method converts the OA into IB, constrained by the following requirements: 

 IB is complete, that is, all the information required by WSB for its 
consumption has been included in IB. 

 IB information has only been collected from OA but not from other 
external sources. 

This pattern doesnôt consider other more complex functional variants for this 
sort of mediation, such as a common mediation of multiple sources and targets 
using matching approaches such as plugin and intersection. This pattern 
constrains only to the mediation between one source data and one target data. 

Behind the scenes, the data mediation functionality implies the following 
additional system requirements: 

 Matching between schemas: finding the semantic correspondences between 
source and target schemas and their entities. 

 Schema/data mapping: providing a physical representation of the matching 
and rules for transforming the elements from one schema to another. 

Even if implicitly the mediation method resolves the mapping between the data 
schemas, its practical result is the conversion of OA into IB.  

This method is intended to be used automatically with not human intervention. It 
is also intended to be used with whatever domain specific source and target 
data schemas which intended semantic meaning can be derived from 
annotations pointed at existing terminologies, such as ontologies. 
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4 NON-FUNCTIONAL QUALITIES (QUALITY ATTRIBUTES ) 

This section provides an evaluation of some quality attributes, according to the 
architectural decisions made for the pattern. The list of admitted quality 
attributes has been extracted from the Quality Model for NEXOF-RA Pattern 
Designing report [ref].  

 

Availability = 

Buildability + 

Maintainability + 

Integrability + 

Interoperability + 

Modifiability + 

Adaptation to new operating 
environments (Portability) 

= 

Performance (efficiency) - 

Recoverability = 

Reliability = 

Resource Efficiency = 

Reusability = 

Scalability + 

Security = 

Testability + 

Usability + 

 

4.1 Rational  

In the following text is described how the design choices of the DataMediation 
component affect the quality attributes identified. 

Some attributes (such as availability, recoverability, reliability, and security) are 
not affected by the decisions taken, since no mechanisms have been included 
that take them into account, but the design does not affect them negatively as 
well since the pattern is an abstract one.  

Adaptability (Modifiability and Portability) Ą This pattern takes into account that 
the core data mediation engine may implement several approaches, so the only 
limit for adaptation are the APIs and the common service description 
mechanism adopted by ESOA. It is possible to perform any implementation in 
any language. 

Buildability and Maintainability Ą The decomposition of the component into 
loosely coupled sub-components with clear interfaces is positive for these 
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quality aspects. Each sub-component fulfils one clear part of the main 
functionality (playing a concrete role in the discovery task), so it is possible 
modify or create the implementation of a particular functionality without affecting 
the rest of the components 

Integrability Ą Identifying the main interfaces is positive for these non functional 
aspects. Moreover, it is assumed that the ServiceRegistry and the 
OntologyRegistry are external components. These aspects make it simple to be 
integrated in a system for developing business processes. 

Interoperability Ą This pattern is designed to be interoperable with any ESOA 
related pattern which requires data mediation in any communication between 
services, and the technical decisions taken by the pattern are exclusively those 
widely adopted in the ESOA domain, whereby it should interoperate with other 
patterns. 

Testability Ą Thanks to the usage of interfaces it is easy to test and reuse this 
component without too much effort. There are simple mechanisms for 
performing non interactive data mediation for accessing the functionalities, so 
this aspect is affected positively. 

Scalability Ą In terms of approaches supported, the scalability of the pattern is 
good, it provides a mean to combine a lot of different approaches. In terms of 
number of calls to be executed, the design allows an implementation of the 
components using threads, which would provide a good response time as the 
number of clients increases. Moreover, it will be valid even if the case that the 
number of available services will increase. 

Usability Ą DataMediation pattern usage is centralized around a single 
component DataMediator that only exposes a single operation, whereby from 
the userôs perspective, the pattern is easy to used. 

Performance Ą Performance is affected since the semantic techniques are 
time-consuming. 

Reusability Ą This pattern is conceived to work as part of other patterns in 
which it is required to mediate between heterogeneous messages exchanged 
between services, such as within Distributed SOA. It has not been foreseen 
other possible usages of this pattern or a part of it.  
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5 ASSUMPTIONS 

Availability of domain specific conceptual models (ontologies) describing 
concerning data types. 

This pattern assumes the fulfilment of the following preconditions.  

In principle, this pattern applies to WSDL-based WS, but it could be generalized 
in order to be applied to any service that could be described formally by using 
any syntactic formalism.  Hereafter, we only describe the assumptions 
requested for WSDL-based WS, since they are by far the most used in 
Enterprise SOA. In the context of Internet of Services (IoS), where other service 
approaches exist, such as REST, those assumptions can be easily adapted by 
replacing WSDL-based descriptions of services for REST descriptions, such as 
WADL. 

WSA and WSB are described by their corresponding WSDL service descriptions 
or XML equivalent. That also assumes that the messages OA and IB produced 
and consumed by them respectively are described within those service 
descriptions, either using inline XSD code or importing their XSD definitions. 
This precondition is fully satisfied by WSDL-based Web Services.  

We also assumed that those WSDL service descriptions have been annotated, 
according to some available annotation technology (i.e. SAWSDL), whereby the 
meaning of the service messages OA and IB have been defined as references to 
semantic concepts describe somewhere in domain specific ontologies. 
Therefore, we also assumed the availability of those domain specific ontologies, 
which describes the concepts enclosed within the messages exchanged by the 
WSs. 

Furthermore, lifting and lowering schemas between the XSD entities enclosed 
within the WS messages OA and IB and the ontological concepts are also 
required. Those schemas will be explained in the solution section. 

Optionally, then the ontological concepts used to give meaning to similar XSD 
entities belong to separate ontologies which are not connected somehow, 
semantic mapping rules connecting them are required.  
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6 SOLUTION  

 

The data mediation pattern translates the output message OA produced by one 
service into the input message IB consumed by a subsequent one, provided that 
they are dissimilar, that is, they are described by different data schemas DSA 
and DSB. In this introduction we provide an overall operational description of the 
solution, while next subsections provide a structural, component-based 
description of the solution. 

This pattern performs a data schema transformation of OA into IB which implies: 

 Schema matching: finding semantic correspondences between both 
schemas. 

 Schema/data mapping: physical representation of matching and rules for 
transforming elements from one schema to another. 

Existing industrial solutions tackle this problem using manual transformations. 
But this approach is suboptimal since requires to specify nxm schemas 
transformation connecting n WSs outputs with m subsequent WSs inputs. 
Furthermore, it requires frequent adaptation of those schema transformations 
every time one of the schemas has changed. 

This pattern proposes automatic data mediation using domain specific 
ontologies {Ƀ}, and lifting and lowering schemas from syntactic to semantic 
descriptions and vice versa. This reduces the problem to the specification of m 
lifting schemas and m lowering schemas. 

Letôs describe the behaviour of this pattern. 

WSA output message (OA) description which is included within the service 
syntactic description DSA (we assume WSDL) is annotated with semantic 
references to domain specific ontologies {ɃA}, using an appropriate technology 
(i.e. SAWSDL using the referenceModel property). These annotations provide 
meaning to this message content. It also references at least a lifting schema 
mapping (i.e. using the liftingSchemaMapping property of SAWSDL). The lifting 
schema describes a transformation schema (i.e. XQuery, XSLT, etc) to convert 
this message from its syntactic format (XML) into the semantic one (RDF). 

Similarly, the WSB input message (IB) description includes at least a reference 
to its lowering schema mapping (i.e. using the loweringSchemaMapping 
property of SAWSDL). The lowering schema is used to transform the 
ontological representation of the input message into a syntactic XML 
representation. 

We are ready to apply the pattern. Message OA is transformed into its semantic 
format using the lifting schema mapping specified in the annotations of DSA. 
Then we have two options to proceed:  

 If both messages OA and IB have been annotated using the same set of 
ontologies {ɃAB}, we have just to apply the lowering schema mapping to 
obtain the input message.  
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 If both messages have been annotated using different domain specific 
ontologies {ɃA} and {ɃB}, the ontological representation of output message 
OA is converted first into another ontological representation according to the 
set of ontologies {ɃB} used by the target service. This is done using 
assumed pre-existing mappings between both groups of ontologies, for 
instance, using SWRL mappings or SPARQL CONSTRUCTS. Once the 
ontological representation of OA has been converted, the lowering schema 
mapping is applied to obtain the input message.  

6.1 Components Descriptions 

The structural component based description of this pattern is depicted in the 
following picture.  

 

 

6.1.1 DataMediator 

The main pattern component, DataMediator exposes the main pattern operation 
to external clients of this pattern: 

mediate (DataSchemaA_XML messageA): DataSchemaB_XML 

This operation transform a messageA conformed to a DataSchemaA into 
another message conformed to another DataSchemaB. DataSchemaA/B 
definitions will be obtained from the WSA and WSB descriptions, whose URLS 
could be implicitly known by the Mediator (for that reason they have not been 
included in the message signature (for conciseness). 

6.1.2 ServiceRegistry 

This component is assumed to be available in order to provide the service 
description where the DataSchemaA and DataSchema B are declared within 
their annotations. The exposed operation is: 

getDescription(URL serviceURL): WSDL 
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This operation returns the description of a given service, either by url or id.  

6.1.3 WSDLParser 

This component parser the WSA and WSB descriptions in order to obtain the 
lifting and lowering schema mappings. It exposes two operations: 

getLoweringSchemaMapping(Element element): URL 

getLiftingSchemaMapping(Element element): URL 

Element reference the concrete message type within the WSDL/XSD 
description for which the mapping is requested. 

6.1.4 LifttingMediator 

This component transforms the syntactic representation of message OA into its 
semantic representation (ontology graph), using the lifting schema mapping. It 
exposes the following operation: 

liftSchema(DataShemaA_XML message, URL liftingSchemaMappingURL): 
GraphOntologyA<RDF> 

 

6.1.5 LoweringMediator 

This component transforms the semantic representation of message IB into its 
syntactic representation, using the lowering schema mapping. It exposes the 
following operation: 

lowerSchema(GraphOntologyB<RDF>): DataSchemaB_XML 

 

6.1.6 OntologyRegistry 

This component provides domain specific ontologies and mappings amongst 
them, used to give meaning to message types exchanged between services. In 
particular within this pattern, this component provides the ontologies used to 
annotate message types within the services descriptions and the mappings 
connecting heterogeneous concepts described in dissimilar ontologies. The 
operations exposed are: 

getOntology(URL ontologyURL): Ontology 

getOOMapping(URL ontologyA, URL ontologyB): OOMapping 

where OOMapping describes the rules to transform concepts from ontology into 
another. 

6.1.7 OOMediator 

This component transforms the ontological representation of OA into the 
semantic representation of IB when they are described according to dissimilar 
ontologies. It exposes the following operation: 

mediate(GraphOntologyA<RDF> semanticRepresentation_messageA): 
GraphOntologyB<RDF> 
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6.2 Functionality Descriptions 

The functional behaviour of this pattern has been described in detail in the 
introduction of this section and it is graphically represented as a sequence of 
component invocations in the following sequence diagram. 

 

This pattern is orchestrated by the DataMediator component which uses other 
helper components to complete the conversion between messages according to 
dissimilar data schemas. First, DataMediator retrieves required lifting and 
lowering schema mappings from the annotated WSDL descriptions of source 
and target services. Then DataMediator requests LiftingMediator to transform 
the syntactic representation of message OA into its ontological representation. 
Optionally, DataMediator uses the OOMediator component to transform this 
ontological representation into the ontological representation of message IB, 
when they are described by dissimilar domain specific ontologies. OOMediator 
retrieves the appropriate ontology mapping from the OntologyRegistry 
component. Finally, DataMediator requests LoweringMediator to transform the 
the ontological representation of message IB into its syntactic representation. 
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7 RELATIONSHIPS  TO OTHER PATTERNS  

This pattern solves a data mediation problem which applies in the case of 
messaging between two subsequent service consumptions. This situation may 
be common in two scenarios: a) during the routing of messages between 
services within a distribute ESB, b) during the routing of messages between 
services participating in a common complex process executed within a 
composite service execution engine. 

For those reasons, this pattern can be used (and therefore it can be considered 
as part of) the Distribute ESD pattern and the Designer and Runtime Tools for 
ESOA pattern, as depicted in the following picture. 

 

 














