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DESCRIPTION

Field of the Invention

[0001] The present invention generally relates to ontology engineering. More particularly, the present invention relates to
ontology evolution and maintenance of changes within ontology systems.

Background of the Invention

[0002] Internet and other open connectivity environments create a strong demand for sharing the semantics of data. Ontology
systems are becoming increasingly essential for nearly all computer applications. Organizations are looking towards them as vital
machine-processable semantic resources for many application areas. An ontology is an agreed understanding (i.e. semantics) of
a certain domain, axiomatized and represented formally as logical theory in the form of a computer-based resource. By sharing an
ontology, autonomous and distributed applications can meaningfully communicate to exchange data and thus make transactions
interoperate independently of their internal technologies.

[0003] Ontologies capture domain knowledge of a particular part of the real-world, e.g., knowledge about product delivery.
Ontologies can be seen as a formal representation of the knowledge by a set of concepts and the relationships between those
concepts within a domain. Ontologies must capture this knowledge independently of application requirements (e.g. customer
product delivery application vs. deliverer product delivery application). Application-independence is the main disparity between an
ontology and a classical data schema (e.g., EER, ORM, UML) although each captures knowledge at the conceptual level. For
example, many researchers have confused ontologies with data schemes, knowledge bases, or even logic programs. Unlike a
conceptual data schema or a "classical" knowledge base that captures semantics for a given enterprise application, the main and
fundamental advantage of an ontology is that it captures domain knowledge highly independent of any particular application or
task. A consensus on ontological content is the main requirement in ontology engineering, and this is what mainly distinguishes it
from conceptual data modelling.

[0004] The research area of ontology engineering seems to have reached a certain level of maturity, considering the vast
amount of contemporary methods and tools for formalising and applying knowledge representation models. However, there is still
little understanding of, and support for, the evolutionary aspects of ontologies. This is particularly crucial in distributed and
collaborative settings where ontologies naturally co-evolve with their communities of use. For managing the evolution of single
ontologies, established techniques from data schema evolution have been successfully adopted, and consensus on a general
ontology evolution process model seems to emerge.

[0005] Much less explored, however, is the problem of evolution of interorganisational ontologies. In this "complex" and dynamic
setting, a collaborative change process model requires more powerful engineering, argumentation and negotiation
methodologies, complemented by support for context dependency management. It turns out that much can be learned from other
domains where formal artefacts are being collaboratively engineered. In particular, the field of system engineering offers a wealth
of techniques and tools for versioning, merging and evolving software artefacts, and many of these techniques can be reused in
an ontology engineering setting. The key remaining challenge is to construct a single framework, based on these mechanisms,
which can be tailored for the needs of a particular version environment.

[0006] Ontologies often reuse and extend (parts of) other ontologies. Many different types of dependencies exist within and
between ontological artefacts of various levels of granularity, ranging from individual concepts of definitions to full ontologies.
Other dependent artefacts include instances, as well as application programs committing to the ontology. Hence, a change on
request in one artefact might imply a cascade of changes in response to all its dependent artefacts. A viable method is needed to
log all implications to the ontology and its dependent artefacts.

[0007] EP1970844 describes a method for metamodeling using dynamic ontology objects. So called "ontology objects”, i.e. sets
of software interfaces and implementations, are updated based on changes in a metamodel : when a change has been made to
the metamodel, the ontology objects are updated by generating new source code. A problem herewith is that the change is made
on the level of the ontology objects. There is no mapping between ontology model and metamodel. It remains difficult for a
participating application to detect and apply corresponding changes to the interface between application and ontology objects.

[0008] The same problem occurs in US2007/162409, where a command is received from a requestor to modify a table including
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domain concepts and semantic primitives related to a domain. The table is updated in response to the command. The updated
table is then stored as an ontology.

[0009] In the paper "Dogma-Mess : A Meaning Evolution Support System for Interorganizational Ontology Engineering" (A. De
Moor et al., Conceptual Structures : Inspiration and Application Lecture Notes in Computer Science, vol.4068, 1 Jan. 20086,
pp.189-202) a model for interorganisational ontology engineering is introduced. The paper is limited to describing the evolution of
an ontology system based on a set of specialisations on this ontology, the latter called organisational ontologies. It does not
describe evolution operators in great detail. More importantly, it does not consider applications mapped on the ontology system.
In other words it does not describe how to evolve the mappings between application paths in an arbitrary data system and
conceptual paths in an ontology system based on the changes applied to that ontology system. The paper mentions versioning
and change operations, but does not describe this in a formal and detailed way.

[0010] "Data Modelling versus Ontology engineering” (P. Spyns et al., ACM Sigmod Record, viol.31, no.4, pp.12-17, 31 Dec.
2002) describes the difference between a data model and an ontology as perceived by the authors, and introduces the DOGMA
ontology approach. It does not describe evolution of ontologies, nor does it describe how to evolve the mappings of application
paths in an arbitrary data system to conceptual paths in an ontology system based on the changes applied to that ontology
system.

[0011] In "Object Role Modelling for Ontology Engineering in the DOGMA Framework" (P. Spyns et al., On the Move to
Meaningful Internet Systems 2005, OTM Workshop Lecture Notes, vol.3762, pp.710-719, 1 Jan. 2005). This paper is limited to a
description of some basic issues to be taken into account when using the ORM methodology for ontology engineering from the
DOGMA ontology framework point of view. First it discusses the difference between a data model and ontology. Further it
discusses natural and formal semantics. Finally, the paper discusses some basic steps to be taken when constructing ontologies.
The paper does not touch upon the topics of evolution or versioning.

[0012] In US2008/071731 a solution is presented for automatically refining ontology within specific context. In the proposed
method a so-called rich context extractor is used for discovering a semantics relationship conflict between a given ontology
schema and application data. This extractor discovers that certain application data contain a richer context than the existing
ontology schema they are mapped to. Next the ontology system is refined with richer context from the application data and a new
mapping graph is defined between the refined ontology and the original data schemes.

[0013] There is a need to maintain and apply changes to an ontology system at the level of the interface between application
and ontology system. This is especially needed when multiple applications are linked to the same ontology system. Adapting for
changes may otherwise be a very elaborate job.

Aims of the invention

[0014] The present invention aims to provide a method and system for flexible ontology evolution, whereby one can keep track of
the changes within the ontology system.

Summary of the invention

[0015] The present invention proposes updating mappings from application paths in a data system to conceptual paths in an
ontology system based on detected changes to that ontology system. It is to be noted that, unlike the ontology objects in prior art
solutions (e.g. EP1970844), the data system in this invention does not have to be changed during the process, only the mappings
are changed. An ontology system is considered to which is linked a data system used by a computer application. The ontology
has a certain syntactic structure, wherein conceptual paths are defined. The data system has a structure addressable by
application paths. A situation is considered wherein a change has been made to the ontology system.

[0016] More specifically, the present invention provides a method for modifying a mapping from at least one application path of a
data system to a conceptual path of an ontology system, said application path addressing a part of the structure of the data
system and said conceptual path addressing a part of the structure of the ontology system. The method comprises the steps of :

o detecting a change to a part of the structure of the ontology system that one or more of the conceptual paths is
addressing;
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¢ updating the mappings to reflect the change to that part of the structure of the ontology system.

Some examples of changes often occurring in an ontology (like, e.g., relabel, append, insert, delete) are given below.

[0017] In a preferred embodiment the detected change is stored in a change log. Such a change log keeps track of the various
changes to the ontology system when going from one version to a successor version.

[0018] In one embodiment the method comprises an initial step of applying said change to the ontology system. This is a typical
situation : first a change is made to a part of structure of the ontology system in question. Next, said change must be detected
and the mappings need an update. In an embodiment one or more conditions are imposed for applying said change.

[0019] A change to (a part of) the ontology system structure may constitute a single change or a set of various changes. In one
embodiment the change comprises a relabeling of part of the ontology system structure. The change may also be appending
another structure to part of the ontology system structure, said other structure not being part of the ontology system structure
before the change. The change comprises inserting a further structure to a part of the ontology system structure, whereby that
further structure is not part of the ontology system structure before the change. The change may also comprise the deletion of
part of the structure of the ontology system.

[0020] In another aspect a program is provided executable on a programmable device containing instructions, which, when
executed, perform the method as set out above.

[0021] In a further aspect a device is provided for modifying a mapping from at least one application path of a data system to a
conceptual path of an ontology system, whereby the application path addresses a part of the structure of said data system and
the conceptual path addresses a part of the structure of the ontology system. The device comprises means for detecting a
change to a part of the structure of the ontology system one or more of the conceptual paths is addressing and means for
updating the mappings to reflect the change to the part of the structure of the ontology system. Combinations of these possible
changes can occur as well, as the skilled person will appreciate.

[0022] In a preferred embodiment the device is arranged for identifying and storing information on the version of the ontology
system.

Brief Description of the Drawings

[0023]

Fig. 1 illustrates on top a semantic pattern that could be useful to annotate the logical data schema on the bottom of the figure.
Fig. 2 represents an overview of inputs and outputs of the translation engine.

Fig. 3 illustrates a fact-type that can be traversed in two directions, denoting two paths.

Fig. 4 illustrates a change comprising a relabeling, appending, insertion and deletion, respectively.

Fig. 5 illustrates a simple semantic pattern to express that persons can have names.

Fig. 6 illustrates the semantic pattern of Fig.5 after applying a change log for refining the name concept.

Fig. 7 illustrates a semantic pattern to express that persons can have first and last names.

Fig. 8 illustrates the semantic pattern of Fig.7 after applying a change log for distributing the semantics over both terms and roles.
Fig. 9 illustrates the semantic pattern of Fig.6 after applying a change log for distributing the semantics over both terms and roles.

Fi
address.

g. 10 illustrates a semantic pattern to express that persons are part of a certain party, and this party is located at a given

Fig. 11 illustrates the semantic pattern of Fig.10 after applying a change log for moving relations.
Fig. 12 illustrates a semantic pattern to express that a party has an address line and a country.

Fig. 13 illustrates the semantic pattern of Fig. 12 after applying a change log for adding a concept address consisting of an
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address line and country.
Fig. 14 illustrates a semantic pattern to express that a person has an address having an address line.
Fig. 15 illustrates the semantic pattern of Fig. 14 after applying a change log for shortcircuiting the address concept.

Fig. 16 illustrates a semantic pattern after applying a change log for the role/co-role for a person having an address into a person
located at an address.

Fig. 17 illustrates the semantic pattern of Fig. 12 after applying a change log for renaming the term party by person.

Detailed Description of the Invention

[0024] Ontologies in general define shared representations for two essential and dual aspects of semantics of a domain, i.e. a
formal semantics for information allowing information processing by a computer, and a real-world semantics allowing linking
machine processable content with meaning for humans based on consensual terminologies and natural language.

[0025] The ontology representation approach introduced in the present invention adopts a fact-oriented modelling approach. In
this approach facts are considered the unit of communication and hence build representations for semantics from abstracting
these observed facts into fact types. Facts represent objects (entities or values) playing a certain role (part in relationship). This
is different from attribute-based approaches such as object-oriented modelling where the domain is represented by abstracting
data types from observed objects.

[0026] A data system is defined by the combination of an intensional and extensional part. Its intensional definition prescribes the
constraints data elements in the form of data types (e.g., integers, strings) and relationships between them (e.g., multiplicity). An
extensional definition prescribes which data elements belong to which data types. Adata system can be annotated by an ontology
and can be regarded as an application committing to the ontology. An application commits to an ontology system if the data
system it is using, maps on the ontology system. Such a mapping is performed by mapping application paths that address a part
of the structure of the data system. An example of a data system is a relational database. In a relational database an example of
an application path would address a particular attribute in a particular table. The intensional part is defined by its schema. The
extensional part is defined by its population. Other examples of data systems include XML and its corresponding schema, EDI
messages, etc. The ontology system can also handle data systems for which the intentional part is not available e.g., XML having
no corresponding schema. For example, in an XML file an application path could be an XPath.

[0027] The ontology system separates the representation of domain semantics and the annotation of the application with these
semantics in three separate layers: Lexon Base, Pattern Base, Commitment Layer.

[0028] A lexon is a quintuple that defines a plausible binary fact type within a certain context. The quintuple is defined as
{Context, Head-term, Role, Co-role, Tail-term}. The role, and its reverse co-role, defines the conceptual relation between the
head and tail term. Intuitively a lexon may be read as: within the context, the head term may have a relation with the tail term in
which it plays a role, and conversely, in which the tail term plays a corresponding co-role.

[0029] A context in a lexon provides a reference to one or more lexical resources and/or parts of a lexical resource (such as
documents) from which the lexon was elicited. Contexts are important to prevent lexical ambiguity of terms within lexons, as the
meaning of terms may vary according to the context.

[0030] Lexons as such do not have a reading direction, however when constructing a path it can be given one out of two
directions by either starting with the head term or tail term.

[0031] Alexon base is defined as a set of lexons. The goal of the lexon base is to provide a shared and evolving resource that is
used to reach a common and agreed understanding about the ontology vocabulary and is thus aimed at human understanding,
associating natural language terms. The lexon base reflects the syntactic structure of the ontology system.

[0032] A conceptual path in a lexon base is defined by a context-term pair or a finite concatenation of lexons in that lexon base.
In the latter case it also imposes a particular reading direction. A conceptual path may be a single concept (e.g., Delivery), a lexon
(e.g., Date of Delivery) or a grouping of different lexons (e.g., Day of Date of Date and Time of sending Delivery). Hence,
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conceptual paths are capable of addressing parts of the structure of the ontology system. Conceptual paths are used in patterns
to define semantic constraints and in commitments to define mappings.

[0033] A semantic pattern is defined by a meaningful selection of conceptual paths in a particular lexon base plus a set of
semantic constraints. Each semantic constraint has certain type and is expressed as a collection of sets of conceptual paths. Fig.
1 illustrates a semantic pattern in the ORM notation. It includes many different conceptual paths. E.g., from bottom right term Last
Name to the upper left term Country, we verbalise the conceptual path: Last name part of Name identifying Person residing in
Country. A pattern base is defined by a set of semantic patterns.

[0034] A commitment from a computer application to an ontology system is defined by a selection of semantic patterns part of the
lexon base in the ontology system, a set of semantic constraints on these patterns and a set of mappings that map from the data
system used by the application to the ontology system. More precisely, the application paths of the data system are mapped to
conceptual paths in these patterns. The commitment layer is defined by the set of all commitments.

[0035] Each individual commitment within the commitment layer is a representation of the semantics of a specific data system in
terms of the lexon base. Patterns can be reused across commitments if they are selected from the same pattern base. Doing so,
the ontology system establishes semantic interoperability between data systems and applications in general (e.g., software
agents and web services).

[0036] Rules constrain and attribute specific interpretations to a selected subset of patterns contained within the pattern base,
e.g., each Person has at least one address. As such each individual commitment rule represents the semantics of a specific
application.

[0037] Application paths addressing part of the structure of the data system are mapped onto conceptual paths. Mappings are
required to automatically create data value transformations between a structured data system and a structured ontology system.
Given a source data system and a target data system, and their respective mappings to a shared part of an ontology system, it is
possible to automatically create data value transformations between said source and target data systems. The transformation is
automatically done by a translation engine. The translation engine works by parsing a source and target commitment, which
contain the mappings of application paths from a data system onto conceptual paths from an ontology system, and read data
symbols from the source data system and write the translated symbols into the target data system. Fig.2 gives an overview of
inputs and outputs of the translation engine. The engine itself is componentized into :

» a parser that builds a syntax tree from a textual commitment,

e areader that takes care of querying a data system,

¢ a writer that takes care of updating and creating data in a data system,
¢ a scripting engine accessible by the reader and writer.

Custom scripts can be written by users of the engine that allow modification of the runtime behavior without changing the engine
itself. The translation engine uses a push and pull approach depending on the kind of data system.

Push Approach

[0038] In the push approach the Reader starts reading the source data system and pushes the data symbols into the storage
system, which are immediately taken up by the Writer and written into the target data system. In effect the Source Data System is
pushing its data into the Target Data System. The push approach is used for tree-structured source data systems, such as XML.
In the source commitment the mappings are processed in the order that they are listed. The first mapping is assumed to point to
the root element.

The mappings should be in the following form:

map "/a" on A.

map "/a/b" on B of A.

map "/a/b/c" on C of B of A.
map "/a/d" on D of A.

The 'map' keyword indicates that this statement is a mapping. The left part of the mapping is an application path expressed in a
path language that can be used to address elements in the data system (e.g., XPath). The application path is enclosed in double
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quotes.

[0039] The application path contains enough information to construct a query processable by a query engine that supports the
data format of the data system. The Reader sends these queries to the appropriate query engine. For example in XML, XPaths
can be processed as queries by an XPath engine like Xalan. The same application path is also used by the Writer to write data to
the location the path addresses.

[0040] The ‘on’ keyword separates the left and right parts of the mapping statement. On the right a conceptual path is written,
constructed using symbols from the ontology system. Each statement ends with a dot.

[0041] Mappings are processed in the given order. The conceptual paths are related to each other by this order. In the above
example the instance for the A concept is the same in each of the mappings. We know this because the first element in the
application path is also the same and because it is pointing to the root element. Other non-root elements can be repeated and
the corresponding concept is instantiated every time. For example when there are three b elements, three corresponding B
concepts are instantiated. For each of the mappings zero or more conceptual paths can be instantiated, depending on the
number of elements in the source data system.

Following is an example XML that is valid for the above mappings.

<a>

<p>

<c>text</c>
</b>

<b>

<c>text2</c>
</b>

<b>

<c>text3</c>
</b>

</a>

This instantiates the following paths (the instances of concepts are between parentheses, where entities are identified by a
number prefixed with the @ symbol, and values are shown between double quotes):

A@1).

B(@1) of A@1).

B(@2) of A@1).

B(@3) of A@1).

C("text") of B(@1) of A(@1).
C("text2") of B(@2) of A@1).
C("text3") of B(@3) of A@1).

The writer uses the reverse of this process and constructs the data for the target data system from these instantiated paths. The
writer looks up which mapping corresponds to the instantiated path and constructs the elements in the data system.

Pull Approach

[0042] Alternatively, a pull approach lets the Writer decide which data it needs from the Reader. In this case, the Writer asks the
Reader for each piece of data it needs. The writer is pulling the data from the reader, which puts it in the storage, ready for the
Writer to access. The pull approach is used for graph based data systems, such as relational databases. As opposed to the push
approach, the pull approach starts with the writer that requesting instantiated paths from the reader for its mappings.

[0043] Given an ontological commitment conceptual queries are executed on any data system that is correctly annotated by that
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commitment. A conceptual query is a language construction expressed in terms of one or more conceptual paths in a
commitment. Given the mappings between conceptual paths and application paths in a commitment, the conceptual queries can
be executed as logical queries in the committing data system. This is done by translating (the conceptual paths in) the conceptual
query into a logical query in terms of the application paths of the data system. A logical query is a query within the data system.
For example, a logical query on a relational database would be expressed in SQL.

[0044] In one embodiment ontological commitments are specified in the Q-RIDL (Omega-RIDL) controlled natural language. The
language describes semantic rules in terms of conceptual paths in which role- and co-role-labels need to be interpreted as an
ontological relationship. Q-RIDL is both a conceptual query and commitment specification language.

[0045] The systems and methods of the invention may be seen as a further improvement of the DOGMA approach for
developing ontology-guided mediation of agents. DOGMA (R. Meersman., Proc. of the International Symposium on Methodologies
for Intelligent Systems (ISMIS), pp. 30-45, 1999) is an ontology approach and framework that is not restricted to a particular
representation language. Embodiments of the present invention apply the DOGMA framework for ontology based data mapping.

[0046] Fig.3 illustrates a relationship between two concepts Product and Order. Each lexon can be traversed in two directions,
denoting two paths: an Order for a Product, and a Product having an Order.

[0047] Conceptual paths can be concatenated to form composite paths. These concatenations can be further formalised with
rules and constraints, restricting the possible use of the concepts and relationship in the ontology.

[0048] The annotation is expressed in Q-RIDL. Fig.1 illustrates on top a semantic pattern that could be used to annotate the
logical data schema on the bottom of the figure.

[0049] Each relevant symbol in the logical data schema instance is annotated by a meaningful conceptual path in the pattern. If a
relevant symbol cannot be annotated by the current pattern version, the pattern is changed in such a way that the new pattern
version allows annotating the pending symbols.

[0050] In the example above, all attributes in table People (the application paths) can be mapped on conceptual paths in the
pattern. Hence, one can read out:

e map "People.firsthame" on "First Name part of Name identifying Person”
¢ map "People.lastname"” on "Last Name part of Name identifying Person"
* map "People.city" on "City is birth place of Person"
¢ map "People.country” on "Country resides Person"

[0051] The example above is trivial, as the terms for the attribute symbols are intuitively interpretable. However in real-world
scenarios the meaning of the symbols in the logical schema is usually implicit. Even in this example: although the independent
meanings of the symbols city, country and person are intuitively obvious, their inter-relation is not. Country and city appear to be
not related at all, as can also be inferred from the attribute values. On the other hand, first name and last name appear to be
related to each other indirectly via the meronymical (part-of) relationship with name.

[0052] The above annotation system works for different types of data management technology, including relational tables and
columns, object-oriented classes, or XML tags. Given a shared ontology, queries in one annotated logical data schema can be
automatically translated to queries in any other logical data schema that is annotated with this ontology. Hence, this provides a
universal approach to data integration. Furthermore, as the annotations are close to natural language, the meaning of symbols in
the schemas can be described and interpreted by the layman end user.

Evolution

[0053] Implementing a change to an ontology system is a difficult process that necessitates many different sub-activities: change
propagation, restructuring and inconsistency management.

[0054] For this purpose the device according to the present invention comprises in a preferred embodiment a versioning layer.
Said versioning layer provides all the functionality for identifying and storing ontology versions and change logs. Change logs



DK/EP 2425383 T3

keep track of the changes required to determine one version of the ontology system starting from an older version. An ontology
editor may support the versioned editing of ontologies with a graphical interface.

[0055] All information about the performed changes are tracked and recorded in a change log, also referred to as a version log.
A change log between an ontology system version K and an ontology system version K+1 is defined as a sequence of change
operations that was performed on version K, in order to result in version K+1.

[0056] Examples of changes at the lexon base level are relabeling, inserting or appending lexons to or removing lexons from the
existing ontology system structure. Examples of change operators on the pattern base level are create or remove pattern.
Examples of change operators on the commitment layer level are create, revise or remove path or rule. This is illustrated in Fig.4.
The figure shows from top to bottom four types of changes that can occur in an ontology system. Relabel type includes any
renaming of a term for a concept (node) or relationship (edge) in the ontology system. In the first example, before the change a
concept is referred to by a term 'B'. After the change the same concept is referred to by a term ' B’'. In the second example, the
relationship referred to by 'a' between concepts (referred to by terms 'A' and 'B’) gets a new term ' a".

Append type includes any change that attaches a new structure of the existing ontology system. For example, before the change,
part of the ontology system consists of a concept referred to by term 'A’. After the change a new structure including concepts
referred to by terms ‘B’ and 'C’ and relationships referred to by 'a' and 'b' respectively are appended to this existing concept.
Insert type includes any change that inserts a new structure in between two existing parts of the ontology system. For example,
here a new concept referred to by term ‘B’ and relationship referred to by ‘¢’ is inserted in between existing concepts 'A' and 'C’.
The insert type is applied in the examples Move Relation, Conceptify, Short Circuit discussed below.

Delete type includes any change that removes a part of the structure of the ontology system. For example, removing a relation
referred to by term ‘a’ between concepts 'A’and 'B'.

Updating mappings based on changing the ontology system

[0057] A mapping of a data system to an ontology system version K might become broken when changing ontology system
version K to version K+1, because the conceptual paths used in the mapping are restructured, deleted or deprecated. Therefore
any mapping with ontology system version K should be adapted to the new ontology system version K+1. The change log stores
the sequence of all operations (changes) between two ontology system versions. The change log can thus be used for different
purposes such as to identify conflicts or meaning divergences. In the example above, changing symbol "Person" to "Individual"
triggers a change to the mapping in which Person was involved:

e map "People.firsthame" on "First Name part of Name identifying Individual”
e map "People.lastname"” on "Last Name part of Name identifying Individual"
e map "People.city" on "City is birth place of Individual"
e map "People.country” on "Country resides Individual"

[0058] Using the change log other conflicts can be identified when merging parallel evolutions of one ontology version. For each
of the conflicts, the present invention provides a set of alternative resolution strategies.

Deriving a set of reusable patterns in the ontology

[0059] Given a set of similar ontologies, the common parts can be collected and automatically abstracted into patterns that can
be reused for later purposes. For example, different organisations may reuse independently the concept pattern for a job task for
annotating their data schemas about delivery.

[0060] A change log is a transcript of an ontology evolution process that is represented by an ordered sequence of ontology
operations. Each change log is restricted to operations from some particular operator classes. Some operators have pre- and
post-conditions and each operator belongs to an operator class. Also failed operations are logged, including the unsatisfied
conditions that caused the failure.

[0061] An atomic ontology evolution operator C defines the semantics of change of an ontology in terms of the following
properties: a precondition PreCond(C) for a change operator C is a condition that must hold in an ontology O in order for C to be
applicable to that ontology O, and a postcondition PostCond(C) for a change operator C is a condition that must hold in an
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ontology O' that is the result of applying C to ontology O.

[0062] A compound ontology evolution operator is defined by an ordered sequence of atomic ontology evolution operators. An
ontology evolution operation is a specific occurrence of an ontology evolution operator.

[0063] In the present invention provides changes are detected to the annotation of one or more information systems, said
changes comprising a set of compound operators grouping a number of atomic operators for the semantic patterns and
equivalent operators for the mappings in the commitments, wherein said compound operators are added to the change log.

[0064] In what follows specific embodiments of change operations and operators are explained by means of examples. Other
sets of operators may be received by the change log to provide a sequence of changes. Each of the operators is a variation of
the above mentioned types of changes: relabel, insert, append and delete.

For the reader's convenience, header and tail term start with a capital case, and role/co-role terms are in small case.

Example 1: Refining concepts

[0065] In an embodiment said compound operators comprise atomic operators for refining concepts and acting on the
conceptual path part of the corresponding mappings. Refining is an example of the append type.

[0066] Consider the example illustrated in Figs 5 and 6. Fig.5 displays a simple semantic pattern to express that persons can
have names. This is mapped to an example XML using the following Q-RIDL expressions: map "concat(/person/pname/fname,
/person/pname/lname)" on Name of Person.

[0067] Because the semantic pattern is too limited to express the information of e.g. a new business partner, it must be
expanded to also include first and last names explicitly. This can be achieved using the following change log: introduceTerm("First
Name") defineDifferentia("Name", "consists of', "part of", "First Name") introduceTerm("Last Name") defineDifferentia("Name",
"consists of", "part of", "Last Name") introduceTerm(X) defineDifferentia("Name", r, r', X)

[0068] Applying these operations on the semantic pattern of Fig.5 arrives at the semantic pattern of Fig.6. This semantic pattern
requires a new commitment with the following mappings replacing the previous ones: map "/person/pname/fname" on First Name
part of Name of Person. map "/person/pname/lname” on Last Name part of Name of Person. map "/person/pname/x«' on Xr'
Name of Person.

[0069] The solution provided by the present invention is firstly the introduction of a compound operator for the semantic pattern
that can be incorporated in the change log. The compound operator defines a specific sequence of atomic operators. Secondly,
this compound operator needs to have an equivalent operator that operates on the mappings in the commitment(s).

[0070] The new operator may be defined as follows: refine(X, r, r', Z1, ... Zn) + introduceTerm(Z1) + defineDifferentia(X, r, r', Z1)
+ ... + introduceTerm(Zn) + defineDifferentia(X, r, r', Zn)

[0071] Applied on the example, this gives the following compound operator for the semantic pattern in the change log:
refine("Name", "consists of", "part of", "First Name", "Last Name", "X") + introduce Term("First Name") + defineDifferentia("Name",

"consists of", "part of", "First Name") + introduceTerm("Last Name") + defineDifferentia("Name", "consists of", "part of", "Last
name") + introduceTerm("X") + defineDifferentia("Name", "consists of", "part of", "X")

[0072] Concerning the mappings, the operator acts on the conceptual path part of the mappings: map
"concat(/person/pname/fname, /person/pname/Iname)" on Name of Person. The operator expresses that this conceptual path has
been refined and asks the user how to perform the refinement: map "/person/pname/fname” on Z1 ... Zn ? r' Name of Person.
map "/person/pname/lname” on Z1 ... Zn ? r' Name of Person.

[0073] Note that the operator only allows the refinement using the same relation, i.e. in the case of the example: consists of/part
of. A multitude of "refine" operators may be applied, e.g. "split" and "attribute”.

[0074] Note also that the XML application path in this example is an aggegrate function (concat). The algorithm used can identify
these and therefore split them up nicely in separate mappings (based on the "refine" operator).
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Example 2: Rolifying concepts

[0075] In another embodiment the compound operators comprise atomic operators for distributing the semantics over both terms
and roles. This is an example of the relabel type.

[0076] Consider the example illustrated in Figs 7 and 8. Fig.7 describes the semantic pattern as is. The corresponding mapping
is as follows: map "/person/name/fname"” on First Name of Person. map "/person/name/lname" on Last Name of Person. Because
it is preferred to distribute the semantics over both terms and roles, the semantic pattern needs to evolve using the following
change log: defineDifferentia("Person”, "has first name", "first name of", "Name") dropDifferentia("Person”, "has", "of", "First
Name") defineDifferentia("Person", "has last name", "last name of", "Name") dropDifferentia("Person”, "has", "of", "Last Name")
[0077] This results in the pattern of Fig.8, and should result in updated mappings in the commitment as follows: map
"/person/name/fname" on Name first name of Person. map "/person/name/lname” on Name last name of Person. The solution
provided by the present invention is firstly the introduction of a compound operator for the semantic pattern that can be
incorporated in the change log. The compound operator defines a specific sequence of atomic operators. Secondly, this
compound operator needs to have an equivalent operator that operates on the mappings in the commitment(s).

The new operator is defined as follows: rolify(X, r', r, Y, a', a) + defineDifferentia(X, a', a, Y) + dropDifferentia(Y, r', r, X) or rolify(X,
r', r, Y) +rolify(X r', r, Y, "Xof", "has X")

[0078] Applied on the example, this gives the following element in the change log: rolify("First Name", "of", "has", "Person", "first
name of", "has first name") + defineDifferentia("Name", "first name of", "has first name", "Person") + dropDifferentia("First Name",
"of", "has", "Person") or rolify("First Name", "of", "has", "Person") + defineDifferentia("Name", "first name of", "has first name",
"Person") + dropDifferentia("First Name", "of", "has", "Person") Concerning the mappings, the operator acts on the conceptual
path part of the mappings: map "/person/pname/fname" on First Name of Person. The operator expresses that this conceptual
path has been rolified, and performs the operation map /person/name/fname on Name first name of Person

[0079] Consider another example illustrated in Figs 6 and 9. Fig.6 describes the semantic pattern as is. The corresponding
mapping is as follows: map "/person/name/fname” on First Name part of Name of Person. map "/person/name/lname" on Last
Name part of Name of Person. map "/person/name/x' on Xr' Name of Person. Because it is preferred to distribute the semantics
over both terms and roles, the semantic pattern needs to evolve using the following change log: defineDifferentia("Person”, "has
first name", "first name of", "Name") dropDifferentia("Name", "consists of", "part of", "First Name") defineDifferentia("Person", "has
last name", "last name of", "Name") dropDifferentia("Name", "consists of", "part of", "Last Name") defineDifferentia("Person", "has
X', "X of", "Name") dropDifferentia("Name", r, r', X) dropDifferentia("Person”, "has", "of", "Name") This results in the pattern of
Fig.9, and should result in updated mappings in the commitment as follows: map "/person/name/fname" on Name first name of

Person. map "/person/name/lname” on Name last name of Person. map "/person/name/xc<' on Name X of Person.

[0080] The solution provided by the present invention is firstly the introduction of a compound operator for the semantic pattern
that can be incorporated in the change log. The compound operator defines a specific sequence of atomic operators. Secondly,
this compound operator needs to have an equivalent operator that operates on the mappings in the commitment(s). The new
operator is defined as follows: rolify(X, r', r, Y, @', a, Z) + defineDifferentia(Z, "has X', "X of", Y) + dropDifferentia(y, r', r, Z) [+
dropDifferentia(Z, a, a', Y)] Applied on the example, we get the following element in the change log: + rolify("First Name", "part of",
"part of', "Name", "of', "has", "Person")+ defineDifferentia("Person", "has first name", "first name of", "Name")+
dropDifferentia("Name", "consists of", "part of", "First name") [+ dropDifferentia("Person”, "has", "of", "Name")] + rolify("Last

Name", "part of", "part of", "Name", "of", "has", "Person") + defineDifferentia("Person", "has last name", "last name of", "Name") +
dropDifferentia("Name", "consists of", "part of", "Last Name") [+ dropDifferentia("Person”, "has", "of", "Name")] + rolify("X", "part
of", "part of', "Name", "of", "has", "Person") + defineDifferentia("Person”, "has X', "X of", "Name") + dropDifferentia("Name",
"consists of", "part of", "X") [+ dropDifferentia("Person”, "has", "of", "Name")] Concerning the mappings, the operator acts on the
conceptual path part of the mappings: map "/person/pname/fname" on First Name part of Name of Person. The operator
expresses that this conceptual path has been rolified, and performs the operation map "/person/name/fname" on Name first name

of Person.

Example 3: Moving relations

[0081] In a next embodiment said compound operators comprise atomic operators for moving relations. A move relation
combines the insert and delete types described above. Consider the example illustrated in Figs 10 and 11. The semantic pattern

10
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of Fig.10 explains that persons are part of a certain party, and that this party is located at a given address. The pattern has been
committed with the following mappings: map "/.../address" on Address of Party. It appeared that a mistake was made in designing
the semantic pattern, because the address should actually be the location of the person being part of the party. This can be
resolved using the following change log: defineDifferentia("Person”, "located at", "location of", "Address") dropDifferentia("Party",
"located at" , "location of", "Address") The result is the semantic pattern of Fig.11 and corresponding commitment: map
"/.../address" on Address of Person. The solution provided by the present invention is firstly the introduction of a compound
operator for the semantic pattern that can be incorporated in the change log. The compound operator defines a specific
sequence of atomic operators. Secondly, this compound operator needs to have an equivalent operator that operates on the
mappings in the commitment(s).

The new operator is defined as follows: move(X, r', r, Y, Z) + defineDifferentia(X, r', r, Z) + dropDifferentia(X, r', r, Y) which looks as
follows for the example: move("Address", "location of", "located at"’, "Party", "Person”) + defineDifferentia("Address", "location of",
"located at", "Person") + dropDifferentia("Address", "location of" "located at", "Party") Concerning the mappings, the operator acts
on the conceptual path part of the mappings: map "/.../address" on Address of Party. The operator expresses that this conceptual
path has been moved, and performs the operation map "/.../address" on Address of Person. Related to this is the new copy
operator which is defined as follows: copy(X, r', r, Y, Z) defineDifferentia(X, r', r, Z)

Example 4: Conceptify

[0082] In a further embodiment said compound operators comprise atomic operators for adding concepts. The insert and delete
types are hereby combined.

[0083] Consider the example illustrated in Figs 12 and 13. Considering the semantic pattern of Fig.12 and the corresponding
commitment: map "/.../addressline" on Address Line of Party. map "/.../country_name" on Country of Party. Suppose country and
address line need to be related via a new concept address. Address serves then as intermediate conceptualisation of the relation
between country and address line; and party respectively.

[0084] This can be resolved using the following change log: introduce Term("Address") defineDifferentia("Party", "is located at",
"location of", "Address") defineDifferentia("Address", "consists of', "part of", "Address Line") dropDifferentia("Party", "has", "of",
"Address Line") defineDifferentia("Address", "consists of", "part of", "Country") dropDifferentia("Party", "has", "of" "Address Line")
The result is the semantic pattern of Fig.13 and corresponding commitment: map "/.../addressline" on Address Line part of
Address location of Party. map "/.../country_name" on Country part of Address location of Party.

[0085] The solution provided by the present invention is firstly the introduction of a compound operator for the semantic pattern
that can be incorporated in the change log. The compound operator defines a specific sequence of atomic operators. Secondly,
this compound operator needs to have an equivalent operator that operates on the mappings in the commitment(s).

[0086] The new operator is defined as follows: conceptify(X, r'0, r0, Y, r'n, rn, Zn) introduceTerm(X) defineDifferentia(X r'0, r0, Y)
move(Zn, r'n, rn, Y, X) which looks as follows in the example: conceptify("Address", "location of", "located at", "Party", "has", "of",
"Address Line", "has", "of", "Country") + introduceTerm("Address") + defineDifferentia("Address", "location of", "located at",
"Party") + move("Address Line", "of", "has", "party”, "Address") + move("Country", "of", "has", "party", "Address") Concerning the
mappings, the operator acts on the conceptual path part of the mappings: map "/.../addressline" on Address Line of Party. The
operator expresses that this conceptual path has been moved, and performs the operation map "/.../address" on Address Line of

Address location of Party.

Example 5: Shortcircuit concepts

[0087] In another embodiment said compound operators comprise atomic operators for removing concepts. Hereby the insert
and delete type as describe above are combined.

[0088] Consider the example illustrated in Figs 14 and 15. Considering the semantic pattern of Fig.14 and the corresponding
commitment: map /person/address/addressline on Address Line of Address location of Person Suppose the mapped path
"Address Line of Address location of Person" needs to be simplified to "Address Line location of Person".

This can be resolved applying the following change log: defineDifferentia("Person”, "located at", "location of", "Address Line")
dropDifferentia("Address", "consists of", "part of", "Address Line") dropDifferentia("Person”, "located at", "location of", "Address")
The result is the semantic pattern of Fig.15 and corresponding commitment: map "/person/address/addressline" on Address Line

11
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location of Person.

[0089] The solution provided by the present invention is firstly the introduction of a compound operator for the semantic pattern
that can be incorporated in the change log. The compound operator defines a specific sequence of atomic operators. Secondly,
this compound operator needs to have an equivalent operator that operates on the mappings in the commitment(s).

The new operator is defined as follows: shortcircuit(X, r1, r'1, Y, r2, r'2, Z) + move(X, r1, r'1, Y, Z) + dropDifferentia(Y, r2, r'2, Z)
Which looks as follows in the example: shortcircuit("Person”, "located at", "location of", "Address", "consists of", "part of", "Address
Line") + move("Person”, "located at", "location of", "Address", "Address Line") + dropDifferentia("Address", "consists of", "part of",
Address Line") Concerning the mappings, the operator acts on the conceptual path part of the mappings: map "/.../addressline"
on Address Line of Address location of Person. The operator expresses that this conceptual path has been moved, and performs

the operation map "/.../address" on Address Line location of Party.

Example 6: Basic role renaming

[0090] In yet another example said compound operators comprise atomic operators for renaming roles and/or co-roles. This is
another case wherein the relabel type occurs.

[0091] Consider the example illustrated in Fig.16. The following pattern and mapping show the start situation: map
"/person/address" on Address of Person.

[0092] To make the semantics of this pattern more clear, the following change log is executed, for instance, to make a difference
with different kinds of locations: "Person born at/birthplace of Address", "Person domiciled at/domicile of Address", ...
dropDifferentia("Person”, "has", "of", "Address") defineDifferentia("Person", "located at", "location of", "Address")

[0093] The result of this change log is shown in of Fig. 16, requiring the following corresponding mapping: map
"/person/address" on Address location of Person.

[0094] The solution provided by the present invention is firstly the introduction of a compound operator for the semantic pattern
that can be incorporated in the change log. The compound operator defines a specific sequence of atomic operators. Secondly,
this compound operator needs to have an equivalent operator that operates on the mappings in the commitment(s).

The new operator is defined as follows: ren ameDifferentia(X, r1, r'1, Y, r2, r'2, + dropDifferentia(X, r1, r'1, Y)+
defineDifferentia(X; r2, r'2, Y) which looks as follows for the example: renameDifferentia("Person”, "has", "of", "Address", "located
at", "location of") + dropDifferentia("Person”, "has", "of", "Address") + defineDifferentia("Person”, "located at", "location of",
"Address")

[0095] Concerning the mappings, the operator acts on the conceptual path part of the mappings: map "/person/address" on
Address of Person. The operator expresses that this conceptual path has been renamed, and performs the operation map
"/person/address" on Address location of Person.

Example 7: Basic term renaming

[0096] In one embodiment said compound operators comprise atomic operators for renaming terms. Also here the relabel type is
applied.

[0097] Consider the example illustrated in Fig.12. The pattern of Fig.12 and mapping show the start situation: map "/ ...
/addressline" on Address line of Party. map "/.../country_name" on Country of Party. To make the semantics of this pattern
clearer, the following change log is executed: dropDifferentia("Party", "has", "of", "Address Line") dropDifferentia("Party", "has"
,"of", "Country") defineDifferentia("Person”, "has", "of", "Address Line") defineDifferentia("Person”, "has", "of", "Country") The
result of this change log is shown in Fig.17.

And this requires the following corresponding mapping: map "/.../addressline" on Address Line of Person. map "/.../country_name"

on Country of Person.
[0098] The solution provided by the present invention is firstly the introduction of a compound operator for the semantic pattern

that can be incorporated in the change log. The compound operator defines a specific sequence of atomic operators. Secondly,
this compound operator needs to have an equivalent operator that operates on the mappings in the commitment(s).

12
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The new operator is defined as follows: renameTerm(X, Y) + introduceTerm(Y) + move(Zn, r'n, rn, X, Y) + dropConcept(X) with
(Zn, r'n, n,) being all relations attached to the original term X. which looks as follows in the example: renameTerm("Party",
"Person") + introduceTerm("Person") + move("Address Line", "of", "has", "Party", "Person") + move("Country", "of", "has", "Party",
"Person") + dropConcept("Party") Concerning the mappings, the operator acts on the conceptual path part of the mappings: map
"/.../addressline" on Address Line of Party. The operator expresses that this conceptual path has been renamed, and performs
the operation: map "/.../addressline" on Address Line of Person. map "/.../country_name" on Country of Person.

[0099] It must be noted that the data structure within the examples is specified in XML, but this may also be a database or any
other data format, such as EDI, CSV or an SQL database. The methods of the present invention may be extended to any
information system and any data format.

[0100] The systems and methods of the present invention may also apply for distributed ontology systems.

[0101] Although the present invention has been illustrated by reference to specific embodiments, it will be apparent to those
skilled in the art that the invention is not limited to the details of the foregoing illustrative embodiments, and that the present
invention may be embodied with various changes and modifications without departing from the scope of the claims. The present
embodiments are therefore to be considered in all respects as illustrative and not restrictive, the scope of the invention being
indicated by the appended claims rather than by the foregoing description, and all changes which come within the meaning and
range of equivalency of the claims are therefore intended to be embraced therein. In other words, it is contemplated to cover an
and all modifications, variations or equivalents that fall within the scope of the claims and whose essential attributes are claimed in
this patent application.
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Patentkrav

1. Computer-implementeret metode til endring af en mapping
fra mindst én applikationssti 1 et datasystem, der anvendes af
en computerapplikation, til en konceptuel sti i et
ontologisystem, der er kadet sammen med datasystemet, idet
applikationsstien adresserer en del af strukturen af
datasystemet og den konceptuelle sti adresserer en del af
strukturen af ontologisystemet, hvor metoden omfatter de
fglgende trin:

- detektering af en e&ndring i en del af den struktur af
ontologisystemet, som én eller flere af de konceptuelle stier
adresserer, idet @®ndringen er en endring pa lexon-basisniveau
eller mgnster-basisniveau, hvor lexon-basen er en rakke
lexon’er, idet hver lexon definerer en forbindelse mellem to
termer i1 en vis sammenhaeng, og idet megnsterbasen er en rakke
semantiske mgnstre, der defineres ved et udvalg af
konceptuelle stier i lexonbasen og en rakke semantiske
begraensninger pa de valgte konceptuelle stier, idet &ndringen
beskrives wved en ordnet sekvens af feorste operatorer, der
definerer semantisk information om @ndringen

- definition af én eller flere andre operatorer, der opererer
pa mappingen, idet den ene eller de flere andre operatorer
svarer til den ene eller de flere fgrste operatorer, der
anvendes til at beskrive &ndringen i delen af strukturen af
ontologisystemet

- opdatering af mappingen med den ene eller de flere
tilsvarende andre operatorer for at afspejle &ndringen 1 delen

af strukturen af ontologisystemet.

2. Metode ifglge krav 1, hvor den detekterede @&ndring gemmes

i en @ndringslog.

3. Metode ifglge krav 2, hvor gennemfgrelsen af @ndringerne

i ontologisystemet er underlagt én eller flere betingelser.

4. Metode ifglge et hvilket som helst af kravene 1 til 3,

hvor  @ndringen omfatter en ommerkning af en del af
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ontologisystemets struktur.

5. Metode ifeolge et hvilket som helst af de foregaende krav,
hvor endringen omfatter tilfgjelse af en anden struktur til en
del af ontologisystemets struktur, idet den anden struktur
ikke er en del af ontologisystemets struktur forud for

endringen.

6. Metode ifglge et hvilket som helst af de foregaende krav,
hvor @ndringen omfatter indsattelse af en yderligere struktur
i en del af ontologisystemets struktur, idet den yderligere
struktur ikke er en del af ontologisystemets struktur forud

for endringen.

7. Metode ifolge et hvilket som helst af de foregdende krav,
hvor endringen omfatter sletning at en del aft

ontologisystemets struktur.

8. Program, som kan kgres pa en programmerbar anordning, der
indeholder ordrer, 0g som, nar det afvikles af den
programmerbare anordning, udfgrer en metode ifglge et hvilket

som helst af de foregaende krav.

9. Anordning til @&ndring af en mapping fra mindst én
applikationssti i et datasystem, der anvendes af en
computerapplikation, til en konceptuel sti i et

ontologisystem, der er kadet sammen med datasystemet, idet
applikationsstien adresserer en del af strukturen af
datasystemet og den konceptuelle sti adresserer en del af
strukturen af ontologisystemet, og idet anordningen omfatter
midler til detektering af en &ndring i en del af den struktur
af ontologisystemet, som én eller flere af de konceptuelle
stier adresserer, idet @&ndringen er en @&ndring pa lexon-
basisniveau eller mgnster-basisniveau, hvor lexon-basen er en
rekke lexon’er, idet hver lexon definerer en forbindelse
mellem to termer i en vis sammenhang, og idet mgnsterbasen er
en rakke semantiske mgnstre, der defineres ved et udvalg af

konceptuelle stier i lexonbasen og en rakke semantiske
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begraensninger pa de valgte konceptuelle stier, idet @&ndringen
beskrives wved en ordnet sekvens af feorste operatorer, der
definerer semantisk information om @ndringen, midler til
definition af én eller flere andre operatorer, der opererer pa
mappingen, idet den ene eller de flere andre operatorer svarer
til den ene eller de flere fgrste operatorer, der anvendes til
at beskrive endringen i delen af strukturen af
ontologisystemet, samt midler til opdatering af mappingen med
den ene eller de flere tilsvarende andre operatorer for at

afspejle @&ndringen i1 delen af strukturen af ontologisystemet.

10. Anordning ifglge krav 9, hvor anordningen er beregnet til
at identificere og lagre information om versionen af

ontologisystemet.
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