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Abstract. The knowledge economy is one of the cornerstones of our society. 
Our economic prosperity and development is derived for a large part from tech-
nical knowledge. Knowledge unlocks innovation, which in turns spawns new 
products or services, thereby enabling further economic growth. Hence, an in-
formation system unlocking scientific technical knowledge is an important asset 
for government policy and strategic decisions by industry. In this paper it is ex-
plained how business semantics management and related tools are applied to re-
alise the above mentioned endeavour. 

1   Background 

Needing a new system for managing research information, the Flemish department of 
Economy, Science and Innovation (EWI) launched the Flanders Research Information 
Space programme (FRIS)1. The term is used to refer both to the virtual environment 
of research information and the program that is being setup in order to create this re-
search information space. The FRIS concept creates a virtual research information 
space covering Flemish players in the field of economy, science and innovation (see 
Fig. 1) – see e.g. [16] for some other use cases of a prototype in a related area. Within 
the space, research information can be stored and exchanged in a transparent and 
automated way. The FRIS program is centred on three strategic goals:  

 

• accelerate the innovation value chain by efficient and fast access to research in-
formation for all relevant stakeholders; 

• offer improved customer services (e-government); 
• increase efficiency and effectiveness of the R&D policy. 

                                                           
1 Flanders Research Information Space (FRIS): www.ewi-vlaanderen.be/fris 
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The strategic goals will be achieved by a combination of service development and a 
managed change process. A first realisation is the FRIS research portal (www. 
researchportal.be) to exhibits current research information on projects, researchers 
and organisations of the Flemish universities. 
 

 
Fig. 1. The representation of the FRIS with data providers (universities, data centres supporting 
the Open Archives Initiative2 …), utilities (classifications, …) and services (maintenance of 
scientific curriculum vitas (CVs), research portal called IWETO, …) 

 

A key feature is that data can be immediately collected at the point of creation in 
the operational processes of data providers (e.g., universities, funding bodies  …). 
E.g., the first hand information on a research project is already made available during 
the assessment process of an application for funding. Entering this information is part 
of the process – at the point of creation – and will be done by the applying organisa-
tion itself. The data are up-to-date and are supposedly more accurate (than second 
hand information entered by non or less related people elsewhere). Also, parallel data 
gathering processes (e.g., research administrators gathering data at regular intervals, 
but not related to assessment processes) can be eliminated, resulting in a lot of admin-
istrative work being spared. 

2   Material 

CERIF [7] is the standard of choice for the information interchange between the  
system that will be part of FRIS. CERIF that stands for Common European Research 
Information Format is a recommendation to EU member states for the storage and  

                                                           
2 Open Archives Intitiative (OAI): http://www.openarchives.org/ 
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exchange of current research information [8,9,10]. The custodianship of the CERIF 
standard has been transferred to euroCRIS3, a non for profit organisation that main-
tains and develops CERIF and promotes the use of it for research information  
exchange. 

CERIF is centred on a limited set of basic concepts:  

• the business objects (entities) of the research and innovation domain: project, 
person, organisational unit, publication, event,…. – see Fig. 2; 

• the relations through time that exist between these objects; 
• support for multilingual text attributes; 
• a separated semantics storage layer. 
 

 

Fig. 2. CERIF entities and their relationships in abstract view, with Core entities (Project, Per-
son, OrgUnit) in the lower centre, Result entities (Publication, Patent, Product) in the upper 
centre, and 2nd Level entities presented as a contextual environment around the Core and Result 
entities. The little circles with entities represent their recursive relationships. 

In the next phase of the FRIS research portal we will realise the integration of the 
portal data with the publication repositories of the data suppliers. CERIF as the ex-
change format and as the basic mode for the database interface allows for searching in 
and browsing through the data including the formalised semantic links between the 
database objects. More concretely, this means information about a researcher with his 
research context: project, organisations, publications can be linked according to the 

                                                           
3 euroCRIS home: http://www.eurocris.org/public/home/ 
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formal CERIF semantics, and thus be presented in different ways: simple lists, col-
laboration graphs, competences maps4, etc. 

3   Work in progress 

3.1   Why Business Semantics Management? 

Traditionally CERIF has been modelled using Entity-Relationship (E-R) modelling 
techniques. While this technique is excellent for modelling activities of database de-
signs, it is less efficient for communication with domain experts. The learning curve 
for the domain experts to understand the E-R model and translate it back to their con-
ceptual knowledge is quite steep. Probably this difficulty constitutes one of the main 
reasons why the acceptance of CERIF is only slowly growing. 

Also domain experts at EWI have been struggling for quite some time with the 
problem of how to express and explain adequately and flexibly conceptual models 
underlying the FRIS application to the other stakeholders involved (mainly non tech-
nical persons). Domain experts and stakeholders should not be bothered with how to 
think in a (new) formal language: adequately capturing and organising domain 
knowledge is a task sufficiently demanding as it is and mainly happens via the use of 
natural language. 

Business Semantics Management (BSM) is the set of activities to bring stake-
holders together to collaboratively realise the reconciliation of their heterogeneous 
metadata and consequently the application of the derived business semantics patterns 
to establish semantic alignment between the underlying data structures [2]. BSM re-
lies heavily on fact oriented modelling, the basis of which has been described in [11] 
(ORM) and [20] (NIAM), and makes to a large extent use of natural language. ORM 
focuses more on verbalising the conceptual model for an easy validation process with 
domain experts, while NIAM puts more emphasis on using natural language as start-
ing point and elicitation vehicle to build the conceptual model. Also, fact oriented 
modelling is much more flexible and sustainable than attribute-value modelling. BSM 
recognizes the need for different roles to distribute complexity and improve the work 
process. Domain experts work on semantic reconciliation and produce semantic pat-
terns, as close to their natural language as possible, while application developers use 
these patterns as input for semantic application (see Fig. 4 below): to semantically 
align (or commit) their systems while providing feedback to the domain experts. Col-
libra’s Information Enabler, a runtime semantics engine, can then apply these seman-
tics by translating from existing legacy systems (e.g. the OAI Protocol for Metadata 
Harvesting5 ) to CERIF. 

3.2   Some Difficulties with the Current E-R Representation of the CERIF Model 

The latest CERIF 2008 – 1.0 release newly introduced the Semantic Layer for captur-
ing formal contextual roles and types; by that, the semantics in the relationships be-
tween the CERIF entities is now being maintained flexibly and independently within 

                                                           
4 As realized with: http://www.ist-world.org/ 
5 http://www.openarchives.org/pmh/ 
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the Semantic Layer, in natural language, based on the CERIF concepts, architecture, 
structure and style [10]. However, the fact that roles of the relations between entities 
and classifications for entities are not explicit in the E-R model, makes it non trivial 
for humans to read and understand the model. E.g., think of a Project (with a known 
identifier, associated classifications and a set of basic attributes) and a Person (also 
known by an identifier and a set of attributes) in the role of promoter with respect to a 
project. To express this relationship in CERIF the entities used are shown in Fig. 3. 
 

 

Fig. 3. Excerpt of some E-R model entities of Fig. 2 in physical view, with the CERIF Core en-
tities cfPerson and cfProject, language-related entities cfProjectTitle, cfProjectAbstract, 
cfClassTerm, …, selected link entities cfProject_Person and cfProject_Classification, and enti-
ties from the Semantic Layer cfClassification and cfClassificationScheme  

 

In CERIF, a time-constrained relationship, with a defined role is established in lin en-
tities, i.e., the cfProject_Person link entity (see Fig. 3), or the classification (i.e. typifica-
tion) of projects in the cfProject_Classification entitity via referenced IDs. The upper 
right set of entities represents the strength of the CERIF E-R model: the semantic layer. 
It is designed to store all possible roles of relations and all possible types or classifica-
tions associated with entities that have been established by IDs in link entities. In the 
example case the Classification Scheme used for cfProject_Person roles is called cfPro-
jectPersonRoles and the cfClassification entity is the storage for the “P” value, while the 
language dependent associated entity cfClassificationTerm stores the human readable 
version of the value in a specified natural language: “promotor” in Dutch6. 

The association of specific classifications with instances uses a similar connection 
within the semantic layer, in this example via the entity cfProject_Classification. This 
allows for the association of multiple classifications belonging to different Classifica-
tion Schemes with a project. For instance one scheme used for project types and two 
others for association with two different thesauri; disciplines or application domains.  

Each of the business objects (CERIF entities) has a limited set of attributes, apart 
from the basic object identifier. Relationships between objects are achieved by means of 
linking entities consisting of (i) the identifiers of the objects taking part in the relation, 
(ii) a start and (iii) end date and (iv) a defined role of the relation (by ID reference to the 

                                                           
6 Some entities are language dependent and allow for the storage of different language versions. 
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Semantic Layer). In essence, every instance of a linking entity is a time constrained bi-
nary relation. The instances of objects taking part in a linking relation to the same object 
(i.e. cfPerson_Person) represent recursive relationships. The roles of the relations are re-
ferred from the semantic layer of CERIF. This semantic layer physically consists of a 
set of interrelated entities enabling the storage of schemes and the instances representing 
all possible roles from all possible relations. The semantic layer is also used for the stor-
age of classifications (i.e. types) associated with the objects (entities). 

Much information in the research domain needs a representation in multiple lan-
guages. The support of multilingual features is very important in countries where sev-
eral official languages are spoken and maintained. CERIF supports multiple language 
features for names, titles, descriptions, keywords, abstract and even for the semantics. 

For a domain expert to understand how a set of business facts is expressed by using 
CERIF – including the content of the semantic layer both the insight in the CERIF E-
R model and knowledge of the content (contextual semantics) is needed.  

3.3   Business Semantics Management and CERIF 

While the CERIF model allows for an almost unlimited flexibility on roles and classi-
fications used with entities, the actual approach has shown its limitations when it 
comes to communicating on the modelled domain facts to domain experts and end us-
ers. In order to overcome these difficulties, EWI has decided to express the business 
facts in the domain concerned by the use of fact based modelling, thereby using the 
expertise and tools7 of Collibra. Fig. 5. shows some binary fact types that can be de-
rived from the original CERIF model (see Fig. 2). One can appreciate the clarity and 
understandability of the binary fact types compared to the E-R scheme (see Fig. 3).  

 

 
Fig. 4. Business Semantics Management (BSM) overview 

Currently, the focus of applying BSM on CERIF has been semantic reconciliation: 
domain experts that collaboratively capture business semantics. This phase consists of 
five activities (see Fig. 4), which we briefly describe here8 in the context of the work 
on CERIF. Note that some activities can be performed simultaneously: 

 

1. Scope: defining the borders of the current iteration of BSM. For CERIF, which is 
already a well worked out initiative, we have used the core entities (see Fig. 2) as 
starting point for different iterations. Scoping helps in grounding discussions: one 

                                                           
7 Available from http://www.collibra.com/trial 
8 For a more elaborate description on BSM, see [2]. 
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can always refer back to the source documents (or other boundaries) to bring a dif-
ficult (and sometimes philosophizing) discussion back on track.  

2. Create: generate fact types (lexons9) from the collected sources in the scoping 
activity. The focus lies on getting all the facts without leaving much room for 
discussion (divergence). 

3. Refine: clean the collected facts by following some simple rules (a first step to-
wards convergence). For instance, decide where typing is relevant by determin-
ing which concepts share differentia (e.g., the concept “Text” in Fig. 5). Another 
example is splitting a semantic pattern in smaller, more reusable patterns each 
describing some part of the model (e.g., Person pattern, Address pattern). 

4. Articulate: create informal meaning descriptions as extra documentation. These 
descriptions can serve as anchoring points when stakeholders have used differ-
ent terms for the same concepts (i.e., detecting synonyms). Where available, de-
scriptions already existing can be used (e.g., the euroCRIS website on CERIF) 
to speed up the process and facilitate reuse. 

5. Unify: collect the input from the various stakeholders and combine them in 
agreed upon and shared semantic patterns. This is an activity that leaves room 
for discussion when necessary. Any unresolved issues can be tackled here, 
based on the deliverables produced in the previous activities. In the EWI case, 
the activity was performed more or less simultaneously with the other activities 
as the relevant domain experts were participating. 

 

The Collibra Studio supports many of the activities described above, thereby further 
assisting the domain experts in capturing their business semantics: (i) a fact editor al-
lowing the domain expert to simply key in the facts in natural language; (ii) a visual 
editor (based on [19]) providing a graphical way of presenting and browsing through 
the collection of lexons (see Fig. 5); and (iii) a concept editor with a built-in browser 
for searching the web for already existing informal meaning descriptions (e.g., on the 
euroCRIS website, on Wikipedia, …). 

3.4   Ontologising the CERIF Model 

Having a standard conceptual schema, c.q. the CERIF model, (see Fig. 3) is not 
enough to guarantee flawless interoperability and information exchange. Intelligent 
agents have to be able to exchange ”meaningful” messages while continuing to func-
tion autonomously (interoperability with local autonomy as opposed to integration 
with central control). Hence, there should not be any confusion about which data are 
labelled as belonging to which category or being associated with which label. Even in 
the ontology literature, authors do not always make a clear distinction between a 
global domain concept and a local conceptual schema term [17].  

Next to the schema itself, agreement (or least univocity) should be achieved on the 
terminology of the schema: what is exactly meant by the names of the entities and re-
lationships. Most importantly, interoperability requires a precise and formal definition  
 

                                                           
9 Informally a lexon is a fact type that may hold for some domain, expressing that within a con-

text the head term may plausibly have the tail term occur in role with it (and inversely the tail 
term maintains a co-role relation with the head term) [17]. Lexons operate on the linguistic 
level. We refer to [1] for a formalisation of DOGMA, including the notion of lexons. 
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Fig. 5. The Collibra tool used during the modelling phase (semantic constraints yet to be added) 

 

of the intended semantics of an ontology (see also [12,14] for more and other details 
in this discussion). Not only does this presuppose a definition in natural language, 
also a formalisation is needed to impose additional restrictions on the relationships 
between the entities. This separation corresponds to the DOGMA double articulation 
principle [17] for ontology modelling: the distinction between the domain conceptu-
alisation (generic facts) and the application conceptualisation (application constraints) 
[18]. Verbalising the entire ontology (including the restrictions) ensures a good un-
derstanding by the domain experts and knowledge engineers of the various data pro-
viders involved. In particular, when multilinguality is required, as is here the case, it 
is extremely important to distinguish between a level of linguistic utterances and a 
language neutral conceptual definition of the labels and terms [16]. 

4   Discussion 

An open question remains what to do with “complex concepts” (e.g., “cfPro-
ject_Person”). The question of naming conventions for complex concepts arises from 
the assumption that every concept refers to a piece of reality. Sometimes the meaning 
is felt to be too broad and some specialisation (expressed in natural language by a 
compound “project classification” or a circumscription “person who works on a pro-
ject”) is wanted. Currently, we tend to reject “complex concepts”, albeit it more on 
philosophical grounds (“notions are not to be multiplied without necessity” = Oc-
cam’s razor). Practice should show if sufficient necessity is available.  

5   Future Work 

Over the coming months and years, the FRIS research portal will roll out a range of 
new services as part of the research information space. The possibilities are numer-
ous: a white guide (who does what?), library of publications by a particular researcher 
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(digital library), a service for updating and reusing researchers’ CVs and provision of 
information on patents, to name but a few – see Fig. 1. 

In the future, more effort is to be spent on applying insights from formal ontologies 
to avoid modelling errors. Methods like OntoClean [4] or a more formal foundation of 
some often occurring relationships ([6] might be a good starting point) should be ap-
plied as a first “sanity check” on newly created ontologies. 

6   Conclusion 

The CERIF standard is, by its nature and status of standard, an ideal candidate to be 
“ontologised”. For reasons of data quality and integrity as few ambiguities as possible 
concerning the meaning and use of domain terminology should occur. This require-
ment holds in particular in a context of a networked configuration, consisting of a lim-
ited number of data providers, a central portal and an unlimited number of potential 
data users  (human and/or artificial) of various types of organisations (see Fig. 1). An 
ontology is exactly meant for this purpose.  

The case presented in this paper, namely how to build a generic model for research 
information exchange in Flanders, shows that business semantics management are 
sufficiently easy to apply by non technical stakeholders and domain experts. In addi-
tion, it also provides an interesting case that illustrates how fact oriented modelling 
can be used as a robust basis for ontology modelling – an exercise already supported 
by appropriate tools by Collibra turning academic insights (mainly the DOGMA 
modelling methodology [1,2,11,13,14,18,19]) into industrial practice. In short, it is an 
ambitious endeavour and, for the Flemish government, it is an innovating and fresh 
[‘fris’ = ‘fresh’ in Dutch] approach. 
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