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Systems interoperability through use 
of semantic technologies

The talk will give an overview of the major challenges 
related to system interoperability in general and the 
specific issues related to interoperability on the semantic 
level. Examples on solution approaches based on use of 
semantic technology from current European projects will 
be given.

Arne J. Berre, Chief Research Scientist, SINTEF,
Svein Johnsen, Research Scientist, SINTEF
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Summary
Challenges related to system interoperability, 
Interoperability on the semantic level 
COIN – Collaboration and Interoperability – Using 
SAWSDL architecture for semantic annotations, -
experimenting with different technologies for 
realisation

Related projects presented at Semantic Days:
SWING/ENVISION: Tue: 1700-1730 Semantic annotation for web services 
and their relevance to environmental models (ENVISION, SWING)

SHAPE: Wed 1030-1100 Supporting intelligent and automated integrated 
operations with agent technologies in a services architecture (using SoaML and 
Agents)  (SHAPE)

EMPOWER/MEMPOWER  Wed: 1130-1200 IT architecture for 
supporting semantic interoperability through use of semantic annotations (and 
SAWSDL)   (EMPOWER)
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The COIN Vision & Motto

COIN VISION: “By 2020 enterprise collaboration and interoperability 
services will become an invisible, pervasive and self-adaptive 

knowledge and business utility at disposal of the European networked 
enterprises from any industrial sector and domain in order to rapidly 
set-up, efficiently manage and effectively operate different forms of 

business collaborations, from the most traditional supply chains to the 
most advanced and dynamic business ecosystems.”

COIN MOTTO: “Enterprise Interoperability and Enterprise Collaboration
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The COIN Consortium & Funnel Model

User PartnersAcademic & Research 
Partners

Industrial Partners

FP7-1
IP project

Objective 1.3

4 years:
2008-2011

14 Meuro, 
21 partners
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COIN Market: starting point
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COIN Side A: main innovations

• The COIN Interoperability Space
To address Information, Knowledge and Business interoperability

To support the Federated interoperability approach

To integrate Model- and Semantic- driven interoperability methods

To enable Knowledge Profiles semantic mediation

To synchronize and optimize collaboration Business Processes

To go beyond state-of-the-art 1:1 transactions:

Supporting 1:1 negotiations (e.g. supplier-customer)

Enabling 1:n relations (e.g. tender-bidders)

Allowing n:m agreements (e.g. sellers-buyers)
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COIN Side A: state-of-the-art
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EIF version 2.0 (2009) 
European Interoperability Framework 
EIF - Dimensions of Interoperability
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Definition: Interoperability 
(Revised in 2008 in EIF v2, to include 
common goals !)
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OMG BMM
Business
Motivation

Model
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Goal alignment with BMM and service 
collaboration with SoaML

12

Figure on the left shows an 
example of a business motivation 
model that captures the following

business requirements concerning 
the processing of purchase orders:

· Establish a common means of 
processing purchase orders.

· Ensure orders are processed in a 
timely manner, and deliver the 

required goods.
· Help minimize stock on hand.

· Minimize production and shipping 
costs 

This example of a BMM model 
shows the business vision, the 

goals that amplify that vision, and 
the objectives that quantify the 

goals. It also shows the business 
mission, the strategies that are 

part of the mission plan, and the 
tactics that implement the 

strategies. Finally the strategies 
are tied to the goals they support.

The example also shows a 
Process Purchase Order contract 
that formalizes the requirements 

into specific roles, responsibilities, 
and interactions. The Contract 

indicates what motivation elements 
it realizes through 

MeansRealizations.
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SAWSDL - Semantic Annotations for 
WSDL and XML Schema 

W3C Recommendation, August 2007

This specification defines a set of extension 
attributes for the Web Services Description 
Language and XML Schema definition language that 
allows description of additional semantics of WSDL 
components. The specification defines how such 
semantic annotation is accomplished using 
references to semantic models, e.g. ontologies

3 constructs:  modelReference, 
liftingSchemaMapping, loweringSchemaMapping
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Semantic
Hub

Reference
Ontology

AppA AppB

AppC
Transformation Rules

Backward (RO2AppX )
Forward (AppX 2RO)

Preparation phase
• Mapping = Semantic
Annotation + Transf rules

• Mapping expressed in 
terms of a RO

• Two rulesets for each SA
Run time phase

• Reconciliation through 
pipelining application of rules

schema
mapping

schema
mapping

schema
mapping

Pipelining 
application of 
transformation

rules
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Doc schema
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MEDIATION
APPROACH

C- 
instance

B- 
instance
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Example of Mismatch

Structuring

Purchase Order

• Order_Number
• Order_Date
• Buyer_Info

– Name
– Address

• Street_Name
• Street_Num
• City_Post_Code
• Country

– Telephone

• Products_Info
– Product_Code
– Description
– Quantity
– Price (unitary)

• Currency (Dollar, Euro, Pound)
• Charge
• RequestedDeliveryDate

Sale Order

• Date
• Organization_Name
• Contact_Person
• Location

– Street_Address
– City
– LoCode
– Country

• Phone_Number
– Area_Code
– Number
– Ext

• Client_Order_Number
• Order_Lines

– Product_Code
– Description
– Quantity
– Price (total per line)

• Currency (USD, Euro, Yen)
• Total

EnterprA (Buyer) EnterprB (Supplier)
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Ontology-based Reconciliation Approach

Address

Street Snum CountryZip_Code

Location

Street_Address

Reference Ontology

City

Street_Name

Street_Number

City-Post_Code

Country

LoCode

Country

City
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Semantic annotations

…
<xsd:element name=“Address”>

<xsd:complexType>
<xsd:sequence>

<xsd:element name=“Street_Name” 
type=“xsd:string”/>

<xsd:element 
name=“Street_Number” 
type=“xsd:positiveInteger”/>

<xsd:element name=“City- 
Post_Code” type=“xsd:string”/>

<xsd:element name=“Country” 
type=“xsd:string”>
</xsd:sequence>

</xsd:complexType>
</xsd:element>
…

…
<owl:Class rdf:ID=“Address”/>

<owl: DatatypeProperty rdf:ID=“Street”>
<rdfs:domain rdf:resource=“Address”/>

<rdfs:range rdf:resource=“&xsd;string”/>
</owl: DatatypeProperty>

<owl: DatatypeProperty rdf:ID=“Snum”>
<rdfs:domain rdf:resource=“Address”/>

<rdfs:range rdf:resource=“&xsd;positiveInteger”/>
</owl: DatatypeProperty>

<owl: DatatypeProperty rdf:ID=“City”>
<rdfs:domain rdf:resource=“Address”/>

<rdfs:range rdf:resource=“&xsd;string”/>
</owl: DatatypeProperty>

<owl: DatatypeProperty rdf:ID=“Zip_Code”>
<rdfs:domain rdf:resource=“Address”/>

<rdfs:range rdf:resource=“&xsd;string”/>
</owl: DatatypeProperty>

<owl: DatatypeProperty rdf:ID=“Country”>
<rdfs:domain rdf:resource=“Address”/>

<rdfs:range rdf:resource=“&xsd;string”/>
</owl: DatatypeProperty>

…

Local Schema (XML Schema) Reference Ontology (OWL)
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COIN Metal: Baseline – Semantic SOA

WSMO/WSML



ICT 23

Find the document here:

http://www.omg.org/cgi-bin/doc?ad/08-11-01.pdf

Revised submission per November 10th, 2008

See also:  www.soaml.org 

http://www.omg.org/cgi-bin/doc?ad/08-11-01.pdf


ICT

Platform independent annotations

18.05.2009
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“Address” in the source and target 
transformation rules

18.05.2009
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“Address” transformations from 
source.xml and target.xmi

18.05.2009
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COIN Side B: state-of-the-art
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COIN Side B: main innovations
• The COIN Collaboration Space

To allow Endogenous generation of Business Opportunities (LivingLabs & 
Open Innovation)

To support Product Design, Production Planning, Project Mgmt

To enable Co-operativity of Enterprise Applications (groups as users)

To support Web 2.0 and participative services (Enterprise 2.0)

To involve also the Customers in the whole life-cycle of Virtual 
Organizations (VOs):

VO preparation (get the enterprises prepared to form VOs)

VO creation (select partners and competencies)

VO operations & mgmt (performance indicators definition-governance)

VO dissolution (inheritance and knowledge transfer)



ICT

COIN Side B: future outlook
• The Innovation Knowledge Ecosystem
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