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Abstract. For autonomously developed information systems to interoperate in a
meaningful manner, ontologies capturing the intended semantics of that inter-
operation have to be developed by a community of stakeholders in those infor-
mation systems. As the requirements of the ontology and the ontology itself
evolve, so in general will the community, and vice versa. Ontology construction
should thus be viewed as a complex activity leading to formalized semantic
agreement involving various social processes within the community, and that
may translate into a number of ontology evolution operators to be implemented.
The hybrid ontologies that emerge in this way indeed need to support both the
social agreement processes in the stakeholder communities and the eventual
reasoning implemented in the information systems that are governed by these
ontologies. In this paper, we discuss formal aspects of the social processes in-
volved, a so-called fact-oriented methodology and formalism to structure and
describe these, as well as certain relevant aspects of the communities in which
they occur. We also report on a prototypical tool set that supports such a meth-
odology, and on examples of some early experiments.

Keywords: ontology development, methodology, social process, business se-
mantics management, fact-orientation, natural language.

1. Introduction

Ontologies are keystone technologies for the meaningful and efficient interoperation
of information systems. Information systems on the Web are in general developed and
maintained autonomously, which necessitates agreement to be negotiated between
Web services. This, in turn, requires agreement between the stakeholders and design-
ers on the semantics of the shared concepts involved. As a consequence, ontologies in
general will evolve while such agreements are developed and finally put in place.
These ontologies are approximations of a real world; in fact to the Web services in-
volved, ontologies are the world. Ontologies represent an externalization of the se-
mantics outside of the information system. The basic techniques and architecture for
semantic interoperation is based on annotation (of an application system) and reason-
ing (about the concepts involved, in terms of the ontology).

From above it follows that the modeling of ontologies within a community of
stakeholders and designers is a critical activity for the eventual success of interoper-
ability. In this paper, we discuss the social processes involved, a methodology and
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formalism to structure these and the communities in which they occur, and a proto-
typical tool set that supports such a methodology.
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Fundamental to our approach is the involvement of structured natural language as a
vehicle to elicit useful and relevant concepts from community communication, and
the mapping of these social processes to evolutionary processes in the emerging on-
tology. The formalism and language presented here are therefore “upstream” from the
usual ontology languages such as RDF(S) and OWL and should not be confused with
those; in fact it is relatively straightforward to compile the resulting/emerging ontolo-
gies into, for example, RDF(S) and OWL at any time.

One fundamental principle of all large system design is the so-called separation of
concerns resulting in architectures that delegate respective functionalities to the
stakeholders responsible for them. Examples are modules, etc. provided by the (ge-
neric) architecture of information systems driven by a database, largely separating the
concern of basic data management from that of application development, the famous
paradigm of data independence.

We reapply this principle in our approach by the rigorous separation in conceptu-
alizations of “fact modeling” from all application-specific interpretations. It is this
interpretation process (formally, of statements shared in the application system in
terms of ontology concepts) that usually is called “reasoning” in the Semantic Web
literature. However, there is little or no attention to such separation of concerns in the
usual reasoning formalisms of Semantic Web in terms of Description Logic and its
syntactical manifestations such as OWL and its dialects. In our approach, this inter-
pretation is exclusively delegated to the mapping between application system and the
“lexon base”! of the ontology. We shall call these mappings ontological commitments
after Guarino [10], but we shall reify them in a well-defined manner suited to our
formalism. Intuitively, our commitments select the facts needed, map application
symbols to ontology concepts, and contain the rules and constraints, expressed in
ontology terms, under which application symbols, relationships and business rules
must be interpreted when they are to be shared with other autonomous systems. Those
systems will share the concepts, but of course will have their own symbols, business
rules, etc.

! We shall call the facts in the ontology lexons to distinguish the terminology from application
context. See Section 3 for details.



This separation of concerns now allows a natural introduction of formalized social
processes in goal-oriented communities such as exist in enterprises, professional net-
works, standardization groups, etc. and in fact in any “human agent” context for
which agreement about facts is more efficient than reasoning from axioms. Note that
nearly all data models for databases and business information systems were arrived at
in this manner for the last 50 or so years.

And finally, as we shall argue in the next sections, this provides for a suitable and
elegant context in which such business information systems can be made truly open
by “lifting” their data models to an ontological level by widening the scope of the
social processes. It follows that data schemas (e.g. defining a relational database)
should not be seen as equal to ontologies. At best they will serve, after lifting by a
community into a more “agreed” and “shared” form, as first approximations of one. In
fact the same is true for any “conceptual schema” [1] that was used for designing an
information system within one given enterprise. For more details on the distinction
between a data model and an ontology, we refer to [18].

2. Related Work

Social interactions have been studied by observation in mediawiki talk pages by [21],
which resulted in a (fairly limited) taxonomy of possible discussion items on a Wiki-
pedia article. [17] also noted a correlation between the number of edits and the
amount of discussion in an article. [17] extended this classification by using a larger
dataset and added about 5 extra types. The goal of [17] was to create subclasses of
sioc:Post so different types of discussion items can be easily accessed and mined
upon. The SIOC Ontology? focuses on the integration of online community socializa-
tion and is used in conjunction with the FOAF? vocabulary for expressing personal
profile and social networking facts. In the context of a discussion, forum topics can
range from conceptions that must be added to the ontology to meta-concept types that
constitute the community meta-model itself.

Fact-oriented modeling, such as ORM [11] and NIAM [22], is a method for ana-
lyzing and creating conceptual schemas for information systems starting from (usu-
ally binary) relationships expressed as part of human-to-system communication. Us-
ing concepts and a language people are intended to readily understand, fact-oriented
modeling helps ensuring the quality of a database application without caring about
any implementation details of the database, including e.g. the grouping itself of lin-
guistic concepts into records, relations, ... In fact-oriented approaches, every concept
plays roles with other concepts, and those roles may be constrained. It is those con-
straints that allow the implementer of a database (or in fact an algorithm) to determine
whether some linguistic concept becomes an entity or an attribute, or whether a role
turns out to be an attribute relationship or not. This is different from other approaches
such as (E)ER and UML, where these decisions are made at design time.

2http://www.sioc-project.orqg/
Shttp://xmlns.com/foaf/spec/




3. DOGMA

In [14, 15] a formalism and methodology for ontology development called DOGMA*
was defined that illustrated and implemented these principles, now lifted to domain
level from the mere enterprise system level. We first define a DOGMA ontology
description. As indicated in the introduction, such descriptions must be seen as differ-
ent from their eventual implementations, e.g. using RDF(S) and/or OWL. In the
methodology and lifecycle of semantic systems the creation of DOGMA ontology
descriptions belongs upstream from such implementation — although of course in
many cases one will have to “mine” or elicit the required knowledge from existing
information systems and their enterprise environments.

3.1. Towards Hybrid Ontology Descriptions

Definition 1. A DOGMA Ontology Description € is an ordered triple
< A,ci,K >where A is a lexon base, i.e. a finite set of lexons. A lexon is an ordered
5-tuple <7.t,n,r,,t, >where y €l is a context identifier, ¢,,z, €T are terms, and
n,r, € R are role labels. A lexon is a binary fact type that can be read in two direc-
tions: #, playing the role of 7, on ¢, and t, playing the role of r, on #,. We omit here
for simplicity the usual alphabets for constructing the elements of 7 UR.
ci:I'XT — C is a partial function mapping pairs of context identifiers and terms to
(unique) elements of C, a finite given set of concepts. The nature of these concepts is
intentionally left unspecified but intuitively it is assumed that all users of an ontology
described by €, i.e. sharing A and K, agree on the nature of all concepts in C.In a
concrete way, within a context ¥, ci(y,t) is the definition itself of the concept agreed
by all such users. To emphasize this explicit agreement, we shall avoid to label con-
cepts as such in our formalism, and assume they are “computed” by the community
from the term labels. K is a finite set of ontological commitments. Each commitment
is an ordered triple <o ,o,c > where o T is a selection of lexons, o: X —7T is a
mapping called an annotation from the set X of application (information, system,
database) symbols to terms, and c is a predicate over 7 U R expressed in a suitable
first-order language, not defined further in this paper but an example syntax named
Q-RIDL may be found in [19,20].

Context identifiers are pointers to a community, they can be a name, a URI to a
website or even a URI to a document describing the community. To improve readabil-
ity, we use names as a context identifier in the following examples. For example, the
DOGMA ontology description might contain the following plausible lexons in its
lexon base:

- <VCard Community, VCard, with, of, Email Address>

- <Vendor Community, Offer, with, of, Title>

- <Vendor Community, Offer, contains, contained in, Product>

- <Vendor Community, Offer, made by, makes Vendor>

- <RFP Community, Request For Proposals, corresponds to, matches, Offer>

“ Developing Ontologies-Grounded Methodology and Applications



The function «c¢i maps terms in those lexons to concepts, e.g.
ci(Vendor Community,Offer) points to a URL of a concept definition in which all
synonyms are centralized, e.g. ci(RFP Community,Offer) of a fact entered in the
lexon base by a different community with overlapping concepts in their domains.
These lexons are then used to construct commitments. Fig. 2 depicts an example
commitment. The characters in boldface are reserved words for creating the con-
straints and mappings. The underlined characters represent variables. For more details
on the syntax of commitments, we refer to [19,20].

BEGIN SELECTION
<Vendor Community, Offer, with, of, Title>
<Vendor Community, Offer, contains, contained in, Product>
<Vendor Community, Offer, made by, makes, Vendor>
<Vendor Community, Vendor, located on, location of, Address> ..
END SELECTION
BEGIN CONSTRAINTS
Offer contains at least 1 Product.
Vendor located on exactly 1 unique Address. ..
END CONSTRAINTS
BEGIN MAPPING
map “APP OFF.TITLE” on Title of Offer.
map “APP VEN.ADDR” on Address location of Vendor. ..
END MAPPINGS

Fig. 2: Example of a commitment for a particular application showing pieces of the three parts:
selection O, constraints ¢ and annotations (or application symbol mappings) .

Note that the separation of concerns mentioned in the previous section is reflected
here through the set of plausible facts in the lexon base on one side, and the con-
straints, rules, ... on a relevant selection of those lexons on the other. In fact there are
no constraints or any other reasoning supports included in the lexon base, making for
a so-called light ontology.

Also note this definition imparts a well-defined hybrid aspect on ontologies as they
are to be resources shared among humans working in a community as well as among
networked systems such as exist in the World Wide Web. As the “unique concept”
property mentioned above informally and intuitively results from a community
agreement, for the purpose of this paper we find it useful therefore to formalize a
community precisely as such a context, and to name the resulting notion a hybrid
ontology (see also [16]). We also introduce a special linguistic resource, called a glos-
sary, recording and supporting all the social processes.

Definition 2. A Hybrid Ontology Description (HOD) is an ordered pair
HQ =<Q,G > where Q is a DOGMA ontology description where the contexts in I"
are labeled communities and G is a glossary, a finite set of functions either of the
form g, :T" XT — Gloss, the Term Glossary or of the form g, : A — Gloss, the Lex-
on Glossary. Gloss is a set of linguistically interpretable objects. We shall write
G =G, U G,if the distinction needs to be made explicit.

For example, given the DOGMA ontology description Q from the previous exam-
ple, a HOD can be constructed where G contains (among others):




- (<VCard, Email Address>, “The address of an email (system of world-wide electronic
communication in which a user can compose a message at one terminal that can be regen-
erated at the recipient's terminal when the recipient logs in)”)

- (<Vendor Community, Offer>, “Represents the public announcement by a vendor to
provide a certain business function for a certain product or service to a specified target
audience.”)

- (<Vendor Community, Offer, contains, contained in, Products>, “Represents the relation
of a product for sale being included in an offer.”)

Note that in this paper, we shall not concern ourselves with the precise nature of
the elements of Gloss. For the sake of simplicity and understanding it will be suffi-
cient to think of Gloss as a set of natural language documents each providing an “ex-
planation” for a term in 7' or a lexon in A adequate within a given community.

3.2. Glossaries

Glossaries turn out to require a fairly rich structure when to be deployed for the pur-
pose of (hybrid) ontology engineering, as they are used to build agreements in com-
munities about concepts. It is natural to associate them with concepts (in a DOGMA
ontology description through the terms of lexons).

Definition 3. Given a HOD HQ=<Q,G >, we call a glossary coherent if
Vyel VA =<y,t;,n.r,t, >€ A: g (V.5)>8, (V. 1) A8 (V.t,)—8,(Y,A). Where —
stands for “is subsumed by”, which is not a logic property, but a binary (linguistic)
predicate on the set Gloss, intended to express that any community agreement on its
first argument is implied by a community agreement about its second. (One way to
implement such a predicate may be by simply listing its extension.)

Indeed, it would be undesirable to describe a relation between two terms if one or
both terms playing the roles in that relation are not described themselves, meaning
that their intended meaning has not yet been made explicit.

Definition 4. The glossary consistence property. We say that a hybrid ontology
satisfies this property if for every two pairs <.t >,<V,,t,> € I'xT, if
81V1,t) =8, (¥a,ty) then ci(y,.t) =ci(y,,t,). The converse does not necessarily
hold. In other words, if two terms in two communities point to exactly the same gloss,
then they must refer to the same concept as well. For most purposes this condition is
too limiting since often glosses will express “the same thing” without being textually
identical. It suffices that the communities agree on their equivalence; this lead to the
following definition.

Definition 5. Two term glosses are community-equivalent EQ, if that community

agrees that the described terms refer to the same (abstract) concept. A similar defini-
tion may be given for lexon glosses; it is omitted here. Two term glosses are term-
equivalent EQp if any two communities agree that a given term refers to the same
concept for both. It is easy to see that EQ, and EQ; define equivalence relations
(reflexive, symmetric and transitive) on G . Again, implementation could be by listing
(or e.g. logging) its extension.



Definition 6. Given a hybrid ontology description HQ =<Q,G > and communities
Yi.¥2€l and t €T, we say that community 7y, adopts <Yy,,t; > when
gloss; =g,(y;,t;) and gloss, = g,(y,,t;) are defined, and we have (i)
EQ; (gloss,,gloss,) , i.e. first “match” the two glosses; and (i) ci(y;,t) =ci(Y,.t),
i.e. agree that both concepts are equal.

In other words, ¥; and 7, agree behind the concepts on their respective glosses (a
symmetric condition) and Y, agrees to use ?, as a term to refer to ;’s concept be-
hind it (an asymmetric condition). Fig. 3 shows an example of agreeing on the
equivalence of two glosses that are synonyms inside the Business Semantics Glossary
(see Section 5). If their synonym relation was not already established, it will be after
this action.

&, Email address
Attributes Names Categorization Scheme
Definitions A name that identifies an electronic post office box on a network where e-mail can be sent
&; Email Address 7~
Attributes Names Categorization Scheme
Definitions the address of an email (system of world-wide electronic communication in which a
computer user can compose a message at one terminal that can be regenerated at the
recipient's terminal when the recipient logs in)
GLOSS EQUALS
Context.Term
Parking opportunity.Email ac
Examples firstname.lastname@example.com Gloss No.
1
( save ) ( Cancel )

Fig. 3: Example of two glosses the two different communities deem to be the same. The first is
a definition for the term “email address” in community interested in exchanging information
about offers of parking spots. Their definition came from their domain expert. The second was
the definition of a different community whose effort went to lifting vCard into a hybrid ontol-
ogy description. The result of agreeing on the equality was a link stating that these two terms in
those two communities were synonyms.

What the definition does not tell is how to achieve the shared understanding from
those glosses that the concepts are the same. For this, one option is to let the commu-
nities involve their commitments to #, from their respective intended applications; in
particular we need to study the reference structures for ¢, in those commitments.

Several guidelines on the construction of such glosses were given in [13]. While
formally adequate to be useful in practice, we shall require more details of the struc-
ture (i.e. organizations) and the processes by which such a community achieves
agreement about lexons and about the commitment of a specific information system.
An immediate consequence is the requirement that a community viewed as a context
must agree on unique concepts based on terms used in lexons. In this paper, we pro-



pose a formalism and methodological approach for such interactions of communities
with the repositories of the knowledge they own.

The hybrid aspect is reflected in a dual perspective on the ontology €, and in par-
ticular on the glossary underpinning its lexons within a community: the community
members agree on unique concepts based on glosses while systems interoperate (rea-
son) based on the relationships (facts) that are deemed to exist between terms that
refer to those same concepts.

Fig. 4 depicts a simplification of the iterative process involved. The Hybrid Ontol-
ogy Description is used downstream (ref. Fig. 5) to generate a knowledge base, e.g. as
RDF(S)-defined “storage structures” and constraints/rules implementing relevant
commitments for the enterprise information systems to be served. The co-evolution of
a community and its Hybrid Ontology Description is a natural consequence of this
process. Externalization - identifying the key conceptual patterns that are relevant
from the discussions [7]- results in a series of ontology evolution operators for the
next version and (re-)internalization — by committing instance bases to the new ver-
sion of the ontology [7] - changes the community’s composition: members depart
when their goals differ too much from the common goal, or others join.
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Before describing the procedure of the methodology and the description of social
processes in the next sections, we would like to note that communities in a collabora-
tive ontology engineering methodology are relevant only if there are two or more
autonomously developed information systems that need to interoperate. When there is
only one information system, the semantics resulting from that community (even if
the number of people is greater than one) are of that application. This would bring us
no step further from going from a closed information system to open information
systems.



3.3. Procedure of the Methodology

To achieve this we first define a set of operations on a community that are intended
to reflect its member interaction with the “real world” and with each other. Then we
“map” those operations onto a sequence of ontology evolution operators, as defined
by [4]. It is essential to observe that the ontology description evolves only as the result
of agreements, viz. actions performed in principle by multiple community members.

Every ontology evolution operation is subject to discussion before approval during
the re-internalization phase of mentioned earlier. Members request certain changes
under the form of those operators with a motivation. The status of each such request is
initially “candidate”. Depending on the outcome of the discussion, the request is “ap-
proved”, “denied” or “postponed for future iteration”. The latter is useful when the
community agrees that the request falls out the scope of the current iteration. Once
proposed changes have been accepted and the community decides to go to a next
version of the hybrid ontology description, all changes are translated into ontology
evolution operators.

The next section starts from an existing collaborative ontology engineering ap-
proach built on top of DOGMA in which — for every iteration — a set of ontology
engineering phases are identified. For every phase, the different social processes (e.g.
the request to add a lexon and its discussion) and corresponding ontology evolution
operators are identified (e.g. adding a lexon).

4.  Social Processes in Ontology Engineering

These operations can be classified according to the different phases of a collaborative
ontology engineering process. Business Semantics Management (BSM) [5], devel-
oped by Collibra’, is such a collaborative ontology engineering methodology drawing
from best practices in ontology management [12] and ontology evolution [6]. The
representation of business semantics is based on the DOGMA approach®. BSM con-
sists of two complementary cycles: semantic reconciliation and semantic application
(see Fig. 6) that each groups a number of activities.

Semantic Reconciliation is the first cycle of the methodology. In this phase, busi-
ness semantics are modeled by extracting, refining, articulating and consolidating
lexons from existing sources such as natural language descriptions, existing metadata,
etc. Ultimately, this results in a number of consolidated language-neutral semantic
patterns that are articulated with glosses (e.g. WordNet [9] word senses). These pat-
terns are reusable for constructing various semantic applications. This process is sup-
ported by the Business Semantics Glossary, which will serve as basis for our proto-
type (see Section 5).

° Collibra nv/sa, launched in 2008, is a spin-off company of the Vrije Universiteit Brussel that
validates and further develops the technology of the DOGMA research project.
http://www.collibra.com/

6 Recently, BSM adopted Semantics of Business Vocabulary and Business Rules (SBVR) [3], a
recent OMG standard pushed by the business rule community and the fact-oriented modeling
community (and fully compatible with DOGMA).




Semantic Application is the second cycle. During this cycle, existing information
sources and services are committed to a selection of lexons, as explained earlier. In
other words, a commitment creates a bidirectional link between the existing data
sources and services and the business semantics that describe the information assets
of an organization. The existing data itself is not moved nor touched.

SEMANTIC RECONCILIATION SEMANTIC APPLICATION

SCEORE CREATE REFINE ARTICULATE UNIFY SELECT comMmIT

Nl—/// w
Fig. 6: Business Semantics Management consists of two complementary cycles: semantic
reconciliation and semantic application. Both cycles communicate via the unify-activity.

4.1. Semantic Reconciliation and its Social Processes

Scope defines the borders of the current ontology engineering iteration and helps
grounding discussions, preventing members of a community to go “off topic” on the
current problem. The first iteration consists of the initial community of members
representing autonomously developed information systems that need to interoperate.
The discussions are grounded on the basis of a motivation and a problem scope. The
motivation expresses why a HOD’ or an incremental extension of a HOD is needed.
The scope of the next iteration limits the problem that needs to be tackled, e.g. the
definition and relations around one particular term, to avoid divergent discussions.
During this phase, members can also propose the use of relevant sources from which
inspiration can be drawn upon. Sources of inspiration can be legacy database sche-
mas, standards, documentation, etc. Before going on to the next phase, the relevance
of these sources is agreed upon by the community. The social processes here are:

- Creating the motivation by a member with sufficient rights to start the process. In
the case of bootstrapping the ontology, the creator is the community-leader (foun-
der) or one of the founders of the community. The motivation is discussed by all
members and refined in terms of the discussion until a consensus is achieved.

- Scoping the problem. Similarly to the motivation, a founder or a member with suf-
ficient rights creates the scope. It is also the subject of discussion and refinements
until a consensus is achieved.

- Add (invite) member and remove member. Members can join (or invited) to take
part in refining the motivation and scope and the subsequent ontology engineering
processes. When the goals of a community differ to greatly from the interest of one
of the stakeholder, a member can decide to leave the community.

- Proposing resources that can be used to draw inspiration from. At any time, users
can propose a list of resources that can be accepted or not. Examples of such re-
sources can be the use of existing standards.

St ICDOETAETIE, 2011/04/10 18:29

Can't we use an ISO standard for this? The ISO8601 Calenderdate standard for example..

7 In the case of a first iteration, the hybrid ontology description is initially empty.



Fig. 7: A proposition to use an existing standard to create lexons concerning dates.

From the creation phase onwards, every ontology operation is subject to discussion
before approval as mentioned in the previous section. During the create process, lex-
ons are generated from the collected sources in the scoping activity (e.g. documents or
legacy database schemas). The operations in this phase are:

- Request to add a lexon <y,t,n,r,,t, > on which the community members as a
whole accept or refuse the new lexon (see Fig. 8).

- Request to add a constraint such as internal and external mandatory constraints.
The role or roles on which the constraint is put on have to exist in the ontology.
Constraints on lexons are modeled using a predicate language such as Q-RIDL [19].

Home Navigator

. |Album has / is of Title |

Attributes Taxonomy

Infogggation

I Status: Candidate

Fact Types Album has Title Concept Type: Binary Fact Type

Title is of Album Steward

W Niels Nijs
Fig. 8: The addition of a lexon is initially pending or “candidate”. In this example, a user added
a lexon around a specific type of product (see Section 5). Users can discuss this lexon before
accepting, denying or postponing the decision.

The refine process is used to refine existing lexons and constraints in the HOD.
Actions that correspond in this phase are:

- Request to remove lexon. All constraints involving roles in this lexon will be af-
fected as well as well as the glosses around this lexon.

- Request to change the supertype of a term. The class hierarchy is constructed with a
lexon whose roles bear a special meaning (the taxonomic relation, e.g. with role and
co-role “is a” and “subsumes”). When no supertype was defined, a taxonomic rela-
tion is added between the two terms. When such a relation already exists between
the terms and another super terms, the existing taxonomic relation is removed be-
fore the creation of the new one.

- Request to change “super lexon” of a lexon. Which indicates that the population of
a lexon is a subset of the more general lexon. A special operation, as it corresponds
with a subset constraint on both roles of the two lexons [11,19].

- Request to remove a constraint.

Articulate is used to create informal meaning description, i.e. glosses, as extra
documentation that can serve as anchoring points when stakeholders have used differ-
ent terms for the same terms (synonyms). When descriptions are already available,
e.g. in source documents, they can already be imported to speed up this process. The
operations in this phase are:



Request to add gloss, for a particular term #e€T or lexon A€ A in a community
yel,orrequest to g,(y,t) < gloss or g,(A) < gloss.Lexon glosses have to fol-
low the glossary coherence property, the glosses of those terms have to be delivered
or the request is ignored.

Request to remove a gloss. When all glosses of a term are removed, the lexons
around this term that are articulated loose their glosses as well. This impact is
shown to the user. All EQ, around this gloss will be removed.

Request to change a gloss. When accepted, all EQ, assertions around this gloss are
removed and the other communities are notified to reconsider whether the changed
gloss still EQ, theirs.

Request to add synonym. A request to link terms across different communities, such
that ci(y;,t)) =ci(y,,t,) where t,t, €T and y,7, €Tl . This action will make
those two terms term-equivalent EQ; .

Request to remove synonym. This action happens when the definitions of both con-
cepts diverge in such a way that they do not handle about the same anymore. Natu-
rally, different lexons will emerge around those terms using other operations. The
EQ; assertion is thus removed.

At any given point, in order to achieve unification, discussions between users can

take place. One can compare such discussions with posts and Web forums. By linking
posts with their replies, one can create threads. An item in such discussion can be a
trigger for an ontology operation or a task assigned to a person. A link is therefore
kept between a task and an ontology operation if the post in question was the source
of this action. For example, users who do not feel comfortable with formal ontology
operators or do not know how to solve a problem might request an edit.

Request for edit. A general request for edit (or solving a problem). For instance
used when a member feels he has not enough responsibility over the concept to
propose the actual changes.

Request for information. Not to be confused with a request for edit for glosses, but
rather a request for clarification. Such a request might result in a request for edit or
as a request for an ontology operation.

Request for peer review. A invitation to review some aspects of the ontology, e.g.
inviting members of the community to give comments to certain proposed changes,
even though they are not immediately affected by the concepts in question.

Request for help, in contributing to certain aspects of the HOD.

Comment. A comment to a post or a concept, a general class of posts that are not
related to the other types of posts.

Reply. All posts not belonging to any category in a thread.



aimierirageh, 2011/04/01 16:10 a3 X

IComment type: Request for Edit

Dear S5ard.
Do you think this definition is better :

An email address is a string of a subset of ASCIl characters separated into 2 parts by an "@" (at
sign), a "local-part" and a domain, that is, local-part@domain.

And in your definition there is a link to the real address ..

Fig. 9: Example of a request for edit, a user proposing a better definition and pointing to a
problem in the existing definition.

Avirrd iSO 2011/04/10 13:44 A

[comment type: Request for Information |

Isn't there an overlap between the VCard vocabulary and the Address vocabulary?
Saraf EISHEL, 2011/04/12 18:48 5 X
|Comment type: Reply |

Yes there is an overlap, and | tried to establish the relationship through the synonym
mechanism, but Collibra forbids me!

At oiS tEAtor, 2011/04/13 14:16

[Commenl type: Motivation for Edit ‘

Made synonym with Address.Address as per request of Sarah
Fig. 10: Request for information. In this particular case, someone noted an overlap between
two ontologies. Another member replied that an attempt was made to define synonyms, but was
unable to do so. A third user then made the request instead.

SIjICDOE I8 (E; 2011/04/10 18:32 g &

[comment type: Request for Peer Review |

Is this vocabulary still needed? (there is another Date vocabulary)..
AT IS tratus 2011/04/14 21:01

[comment type: Reply |

Indeed, if everyone agrees. We can remove this vocabulary.

Fig. 11: Request for Peer Review. In the Business Semantics Glossary, ontologies are referred
to as vocabularies, a term more “accessible” to users. In this particular case, a member of the
community noticed that one of the ontologies was redundant.

4.2. Application commitments in the Feedback Loop

Commitments provide valuable information on which terms and lexons the differ-
ent members of the community representing their organization commit to. This selec-
tion is exploited by informing those members when changes are requested (and occur)
in the ontology as to stimulate discussion.

The mapping « in those commitments is furthermore used to delve into the anno-
tated data in search for support or counterexamples for certain statements made by the
community, e.g. to notify the community whether proposed constraint is true for all
annotated information systems currently known in the community. This process will
guide the community in its dialogue to achieve agreement. This is done by generating
the necessary queries using the commitments of each of the applications, populating
the lexons in the conceptual schema and then reason over the data in terms of lexon
populations. This tool, called the Q-DIPPER, has been described in [8] and the results
will be reported elsewhere. Fig. 12 extends Fig. 4 and depicts the place of Q-DIPPER
in the feedback loop.
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Fig. 12: Feedback loop from the ontologies to the community by not merely taking into ac-
count the lexons committed to by the application, but the data in the annotated organization
information systems as well.

5. Tool

These results were implemented and tested in a web application supporting BSM
called Business Semantics Glossary (BSG, see Fig. 13), also developed by Collibra
nv/sa. BSG is based on the Wiki paradigm that is a proven technique for stakeholder
collaboration. Governance models are built-in and user roles can be applied to distrib-
ute responsibilities and increase participation. Fig. 13 also shows the lexons and gloss
(here called “Description”) of that community around the concept of Home Address.

The interactions and resulting ontology operations were implemented using the
flexible architecture provided by XWiki®, on which the BSG is based. The figures in
the previous section depict some screen shots of the user interactions and resulting
ontology evolution operators registered by the system. The tool was used by 45 users
worked collaboratively on creating several ontologies concerning e-business (prod-
ucts, offers and requests for proposals). The 45 people represented 9 autonomously
developed information systems: 4 request for proposals (RFP) systems and 5 vendor
systems. The communities were: (i) a product community, which concerned everyone,
(i) an RFP community and (iii) a vendor community. As the experiment progressed,
different communities evolved around general concepts such as Address, Dates, Con-
tact Details, etc. in which some of the original 45 users are part of.

6. Conclusions

Ontologies are key in meaningful and efficient interoperation of autonomously devel-
oped and maintained information systems and come to be as a community effort.
Those members in a community interact with each other, talking about the concepts
and their relations in their natural languages. The result of those interactions is re-
flected in changes on the ontology. One important tool in agreeing on the meaning of
concepts are glosses, natural language descriptions of those concepts.

In this paper, we presented a method for ontology engineering based on fact-
oriented conceptual modeling techniques called DOGMA, in which the implementa-
tion details of an ontology has no importance at design time. This method returns

8http://www.xwiki.org/xwiki/bin/view/Main/




ontology descriptions as an artifact, which will be used for the implementation of
ontologies in languages such as RDF(S) and OWL in similar way database schema's
were distilled from conceptual schemas in information systems modeling.

We extended those DOGMA ontology descriptions with hybrid aspects by giving
the glosses a more prominent role in the agreement process and furthermore formal-
ized the social processes involved in ontology engineering and how these are trans-
lated into ontology evolution operators. We proposed operators involving glosses that
capture the agreement processes between members of a community and how glosses
are used to identify the concepts. These describe flow from community to hybrid
ontology description in the feedback loop. The use of the annotated information sys-
tems to provide feedback and steer the community in the engineering process will be
reported elsewhere. These ontology evolution operators and the social interactions
were implemented in a tool called Business Semantics Management, which supports
the Business Semantic Management methodology built around DOGMA.

806 Email Address (VCARD.Email Address) - Collibra Business Semantics Glossary &)
(<] »)-(c) (<) (M) ([ hup:;//starpc18.vub.ac.be:8080/openis/bin/view/VCARD/Email- &) v v ) (*§+ Google Q)
| [0 emait Address (vcarD.Emait adar... |+
; M
< Calliora

Email Address
<

jon in which a computer
ated at the recipient's

Examples

Fact Types Email Address of VEARD

General Rule  vearo
Set

Done i = - e - ;
Fig. 13: Screenshot of the Business Semantics Glossary. Here we see the definition of Email
Address in the VCARD ontology by the same community. Note the discussion between users
around this concept.
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