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Standard for the Exchange of Product Model Data (STEP-ISO 10303) contains product information
models covering most of the aspects of product lifecycle management (PLM). In designing ontology of
knowledge base concerning any aspects of PLM it is necessary to use such product information models.
Unfortunately, a model based on STEP is based on EXPRESS language which is not compatible with
common technologies for ontology creation. The paper presents contemporary methods of ontology de-
scription and it describes the importance as well as current level of advancement in development of STEP
standard. Attention has been paid to drawbacks in possibilities of already existing methods, included in
STEP for ontology creation, which could form a foundation for knowledge base designing methodology
founded on the defined ontologies. A method of ontology creation has been proposed, including STEP
model and examples of this method application in knowledge base implementation have been given.
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1. INTRODUCTION

Development of knowledge representation and usage of knowledge base in the whole life cycle of a
product enables taking decisions consciously during its development and becomes an essential factor
of fast progress. Due to this fact one can see great increase in tasks aiming at ordering computer aided
techniques and methods, by means of building commonly accepted models of different knowledge
domains, which could further constitute a base for building aiding applications in various processes
of product life including knowledge bases. Ontologies are one of such forms of description of a given
domain including vocabulary of concepts with their definitions and relations between them. In the
recent years an interest has been put in knowledge bases and forms of knowledge representations
which resulted in development of many incompatible computer technologies, which could be treated
as methods of ontology record. Such a drawback of having many different incompatible methods
of description of knowledge base is strengthened by intensive studies on building models which
constitute forms of description of a given knowledge range; beginning with minor ordering models
e.g. of personal address data [32] which create a base for recording and exchanging such data and
up to description of data model in the whole process of product development [5]. Models defined
in different forms of record which are difficult to transfer, can not be applied without problems
by means of commonly used methods of model representation. In particular, such a situation deals
with product data models describing basically many domains from a cycle of product development
defined in STEP standard [5, 7].
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2. STEP STANDARD

ISO 10303 standard [5] is known as Standard for the Exchange of Product Model data (STEP)
informally. It covers broad range and is constantly developed. It can be said that it is not a standard
in a classical formulation but a modern family of standards defining methodology of description of
product data throughout the lifecycle of the product. STEP is widely used in Computer Aided
Design (CAD) and Product Data Management (PDM) systems. It is used in automotive, ship
building and aerospace industries. Main targets of STEP standard creation, in historical context
were defined at four levels of application:

1. Passive File Exchange.

2. Active File Exchange.

3. Shared Database.

4. Shared Knowledgebase.

They enable, at different levels of application, product data and knowledge exchange, sharing
and archiving. For these purposes the standard has accepted a proper architecture of structure
including suitable architectural components.

One of the main elements which differentiate this standard from standards used up till now is
application of common mechanisms for specifying the data constructs of STEP (Fig. 1). Descrip-
tion methods include the formal data specification language — EXPRESS, a graphical form of the
language and a mapping language for EXPRESS. The second component of architecture of STEP is
implementation method series. These are standard implementation techniques for the information
structures specified by the only STEP data specification intended for implementation — application
protocols. Implementation methods include physical file exchange structure, the standard data ac-
cess interface and its language bindings. It separates data specification from the implementation
methods and enables upward and downward compatibility of implementation of STEP. The third
part of STEP is conformance testing. It includes methodology describing how testing of implementa-
tions of various parts of STEP is accomplished. The fourth basic component of STEP architecture is
the data specifications. All of the data specifications are documented using the description methods.
There are four part series of data specifications: integrated resources, application protocols, appli-
cation constructs and generic resources. According to STEP architecture data model is captured in
semantic way (Fig. 2). Concept of model must include proper resources which identify the product,
the product type, the version of the product, the product definition and applicable lifecycle stage.
Such model ensures possibility of mapping the same requirements in different Application Protocols
assuming proper mapping resource constructs specializations and constraints.

Application Protocols
Parts 200+
Application Interpreter Constructs
Parts 500+

Integrated Resources

Application Resources
Parts 100+

Generic Resources
Parts 41-99

e |

Fig. 1. General STEP Document Structure
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Fig. 2. Semantic STEP data model (example)

3. ONTOLOGY DEFINITION

The term ontology appears when we think of methodic approach to creation of knowledge bases.
The meaning of that term in knowledge engineering has been established in the last decade [46]
but it differs from its original meaning, which was taken from philosophy. In philosophy ontology
describes the theory of existence and the structure of reality [34]. In knowledge engineering one
of the first definitions of ontology was given in a descriptive way [11]. Ontology was determined
as description of basic terms and relations including dictionary of a given domain with rules of
connecting terms and relations for defining extension of this dictionary. This descriptive definition
of ontology gives us guidelines on what to do in order to define ontology of a given domain.

According to that definition in order to define ontology it is necessary to define basic terms
and relations between them, rules between terms, definitions of those terms and relations. Current
definition of ontology in knowledge engineering applications can be divided into two groups: first
one characterizes this term by defining the process of ontology construction, latter one is formed
by more general description of term relating to description of phenomena and a given domain.
Definition which characterizes the process of ontology construction is particularly connected with
knowledge engineering because it relates also to relations between ontology and knowledge base.

According to that definition [4] in knowledge base knowledge representation is determined
whereas in ontology the very domain of knowledge and relations between elements of that domain
are defined. Therefore, undoubtfully ontology includes dictionary (a set of terms) and correspond-
ing definitions. More detailed requirements for ontology construction are different and depend, most
frequently, on the way of its formulating. The very definitions of terms can be determined in a for-
mal way or in a natural language. Natural language is used while constructing or agreeing ontology
between experts whereas formal languages are recommended and desired system of record when
ontology has to be processed by machines. The second way depends largely on formalism of used
language and is usually more difficult but necessary in knowledge base applications.

In the second group of definitions ontology is determined as specification of some conceptualiza-
tion. Such specification should have some features and among them the most important are [3, 20]:

e specification should be explicit,

e it should describe formal model of some phenomena identifying terms connected with these
phenomena,



234 W. Skarka

® it is supposed to be formal i.e. readable by a machine and understood by a group of people
(experts from a given field).

Definition given by Uschold and Jasper [21] determines the scope of ontology not only in engi-
neering knowledge applications most intensely.

“Ontology may take a variety of forms, but it will necessarily include a vocabulary of terms
and some specification of their meaning. This includes definitions and indication of how concepts
are intern-related which collectively impose a structure of the domain and constrain the possible
interpretations of terms.”

Ontologies are used widely in many different areas. Most important are as follows: e-commerce,
semantic web, knowledge management, natural language processing.

Experts divide ontologies into two groups [19]:

o lightweight ontologies,
e heavyweight ontologies.

The former includes concepts, their taxonomies and relationships between these concepts and
properties which describe them. The latter includes axioms and constraints to lightweight ontologies.

4. BUILDING ONTOLOGY METHODS

There are many methods of ontology creation, each of them is dependable on tools which were used
for that purpose. In majority of methods three main steps in ontology creation can be differenti-
ated [6]:

e Creation.
e Extension.
e Maintenance, service and usage.

In creation process a creator must first of all fulfill purely theoretical tasks connected with con-
ceptual defining of ontology of a given domain, which consist in formulation of a given domain,
defining terms which are used and corresponding phenomena, their classification and verification.
In those tasks literature research from a given field, discussions with experts, etc. are very useful.
Formalization of ontology record which consists in a choice of formal representation and imple-
mentation of ontology description in a given formal language of ontology description are also very
important.

Extension of ontology is done by verification of description coherence based on methods avail-
able in a given technology of description (searching, browning). During extension new vocabulary
elements and definitions are added but also they can be deleted or changed.

After these modifications ontology goes into maintenance, service and usage phase when ontology
record is transformed into other formal languages, depending on the aims of usage. Also during that
phase there are changes and verification of the scope of ontology domain.”

4.1. Standard languages for knowledge modelling

Contemporary state of art of usage and methods of ontology representation results from the devel-
opment of three independent trends: knowledge representation, semantic web and software devel-
opment. In those seemingly unrelated directly domains the problem of ontology is defined. In a way
which is specific for a given language the problem of ontology is defined in the usage of languages of
knowledge representation (KL-ONE, CLIPS, KIF) and as a result great possibilities are not followed
by common usage.
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On the other hand in software engineering usages UML [39] (Unified Modeling Language) lan-
guage is commonly used, which is a graphic representation of object oriented techniques.

The problem of big potential possibilities and small commercial usage repeats itself in the history
of development of semantic web solutions where GML (Generalized Markup Language) language
and its later standardized version SGML [43] (Standard Generalized Markup Language) were not
widely used. It was not until a few years long experience with SGML dialect-HTML language
allowed elaboration of a language which has become unbeatable standard of record and information
representation of information, knowledge and ontology. This language, deriving from SGML was
formed by its simplification and adaptation for usage in the Internet. The language is XML [28]
(eXtensible Markup Language).

4.2. Semantic orientation of XML

Semantic technologies offer new way of data and application integration. Semantic data model
represented by a formal language of knowledge representation includes at the same time domain
concepts, business concepts, relations between concepts and a set of rules. The biggest advantage
of this knowledge description is that it is semantically oriented i.e. by simple formalization of
description it is human and machine understandable and can be easily visualized for the purpose of
ontology creation and analysis by a man and at the same time easily processed and transformed to
other formalized languages.

XML (eXtensible Markup Language) is such a formal, commonly used language. The most im-
portant XML dialect is XML Schema [44] which allows planning of document structure, in other
words allows knowledge structuralization of a given domain — ontology creation. The XML itself is
a young standard of broad usage and it is foreseen to use it further and intensely for new seman-
tic communication applications. Both granularization and structuralization of knowledge from a
given domain allow detailed description of a given knowledge domain, forming a base of systematic
knowledge record of that domain however, it does not assure effective knowledge gathering neither
its usage. XML language is an extensible language of markups. Data, by means of that language,
is recorded in a form of a text. Data is described by markups. Marking up is a mechanism which
allows putting metainformation in a document i.e. information on data.

Markup as opposed to markuped data alone is distinguished in a special way by means of <
and > mark e.g. <familyName>Brown< /familyName>. Initial markup in a marked text forms
<familyName>. In a description of a final mark-up back slash appears </familyName>, marked
text Brown is between initial and final mark-up. Such a couple of markups with marked text create
an element of a document. Document’s elements may be of a complex structure and can be nested
one in another e.g. <person> <name>John</name> <familyName>Brown</familyName>
< /person>.

Formal description of markups and its structure is defined in XML Schema [44]. XML Schema
has been an approved standard of WWW Consortium [43] since 2001. XML Schema was created
on the basis of DTD (Document Type Definition) experience and therefore it is free of majority of
drawbacks of DTD. It is not the same form of schema defining; it does not complement DTD but
substitutes it, creating a new quality in schema defining. From each DTD a corresponding schema
can be generated however, a reverse action is not possible. At the first glance XML Schema is a
more complex record which results from using syntax of XML document in XML Schema record. As
a rule such schemas are much bigger and DTD syntax allowed more compressed record of analogical
declarations as compared with XML Schema.

In XML Schema, similarly to DTD elements’ and attributes’ declarations are described. Addi-
tionally, patterns and types of contents of both elements and attributes can be also placed. XML
Schema itself gives a big number of inbuilt types of data, which can be modified by constraining
or extending them according to will of a document’s designer. XML Schema exists independently
of XML document. Connection with a given schema (schemas) is declared in XML document. The
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schema itself is an XML application (dialect) i.e. a language used for defining XML Schemas, derived
from metalanguage XML. It is built on a Namespace specific for XML Schema, which constitutes a
set of names for declaration of elements of XML document structure.

4.3. XML-based knowledge and ontology modeling languages

Some specific languages of conceptual modeling have been developed on the basis of XML technology.
One of the main dialects of XML — XML Schema language which can be used to define other dialects
allows ontology creation for a given domain. The XML Schema itself does not have dictionaries or
extensions especially defined for the purpose of ontology creation or definition determination neither
dependences between them. Dependencies between domain elements are formed by means of widely
available possibilities of elements defining itself and attributes of a defined dialect. DTD (Document
Type Definition) has similar properties but the syntax of this language is different from XML syntax.
Specific extensions which allow ontology creation have other languages based on XML and among
them the most important are:

e Topic Maps, XTM |[23].

 Resource Description Framework (RDF) [36].

e DARPA Agent Markup Language + Ontology Interface Layer (DAML+OIL) [24].
e Web Ontology Language (OWL) [40].

Topic Maps is an approved ISO standard and historically it is the oldest of the above mentioned
languages. Topic Maps uses SGML language for representation of network of concepts. This net is
placed on knowledge sources (this can be documents of different types) it allows management of
documents contents as a whole, substituting semantically sources of contents. In particular it is useful
for documents which assumingly do not allow such operations on the documents - e.g. multimedia.
By generalization it can be said that Topic Maps is a net representing topics which are mentioned
in the documents and correlations between topics whereas XTM is XML representation of Topic
Maps.

RDF (Resource Description Framework) serves for representation and processing of metadata,
aiding exchange of knowledge on the Web. RDF is mainly used in description of WWW contents
by means of library catalogues, world wide directories, separating news, software and contents of
personal collections. RDF Schema is vocabulary description language which constitutes extension
of RDF itself. It allows description of groups related resources and relationships between these
resources. RDF Schema plays the same role for RDF as XML Schema for XML.

DAML+OIL is semantic markup language for Web resources. It extends RDF and RDF Schema
with richer modeling features. DAML+OIL became the basis for extending possibilities of XML,
RDF and RDF Schema while constructing a new language of ontology description OWL by W3C
Web Ontology Working Group (WebOnt).

OWL (Web Ontology Language) is a new language which learns on experience of previously
presented languages. Despite potential abilities of the language itself we will have to wait for its
practice tests results since its final version has been just finished. (W3C Recommendation - 10 Feb
2004).

5. COMPARISON OF DESCRIPTION FORMS AND METHODS OF CONVERSION OF MODELS
DEFINED IN STEP STANDARD

The STEP modeling language - EXPRESS is an independent language elaborated especially for
that standard. Its own language for data description has been used which is not connected with any
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already existing or commonly used languages e.g. UML or XML. EXPRESS language is a modeling
language combining ideas from the entity-attribute-relationship family modeling languages with
object modeling concepts. It fulfills all the requirements for representation and construction of
models included in STEP. Unfortunately, it does not have suitable support which makes it difficult
to use in the process of application creation. UML and XML are commonly used for that purpose.
In particular the latter one, due to its easy usage in Internet applications and vast possibilities of
extension of usage included in the structure of the language itself, result in unquestionable priority
in the process of application creation beginning with creation of data models and finishing with
user’s interface. As a result in some usages individual models are built based on XML vocabularies
created ad-hoc which are in conflict with other applications and with STEP. Transformation of one
vocabulary into the other does not create a problem when using XML language but in order to
guarantee data’s longevity it is favorable to rely on one model of data which ensures compatibility
with many related domains, offers greater concept range and forms an open standard accepted for
a bigger group of users. In this situation the usage of EXPRESS language forms an obstacle for
development of knowledge base application in lifecycle of the product based on widely accepted
STEP models. In order to facilitate application of STEP models defined in EXPRESS schemas ISO
is developing implementation methods concerning XML - ISO 10303-28, Implementation methods:
XML Schema governed representation of EXPRESS schema governed data and UML - ISO 10303-
25, EXPRESS to OMG XMI binding for transforming EXPRESS schemas into XML Schemas or
UML models.

6. CONTEMPORARY UML, XML AND EXPRESS MAPPING METHODS

Waiting for final results of research on ISO 10303-STEP implementation methods concerning XML
and UML it is necessary to deal with problems of transfer of STEP schema in the XML and UML
language as well as transferring UML models to XML Schema. Until quite recently this problem
has not been solved but some possibilities have appeared lately.

6.1. The STEP module repository tagged in XML

The STEP module repository forms a collection of resources tagged in XML [38] to serve as the core
of a modular environment for developers of STEP, a family of product data exchange standards,
and PLCS, a family of standards related to supporting the complete product life cycle.

For repository a simple definition of document type EXPRESS which enables documents gen-
eration is used. It is not suitable for transformation or models mapping for XML representation.
However, repository is a full document description of modules ISO 10303 Specification.

6.2. exff (exPRESS for free)

exff is a project [37] designed to enable the integration and use of the EXPRESS language, and
therefore the STEP standards, with UML-based modeling and implementation tools. :
The exff goal is to be met by:

e enabling the re-use of models across many domains, and

e enabling the use of a variety of modeling and implementation systems across the industrial data
and traditional software engineering communities.

Exff uses STEP Module Repository project DTD and generates UML representation through
XSLT Stylesheets. It is possible to use UML and XML versions, forming a base for a format for
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UML files record and enabling the usage of popular programs for designing UML models Poseidon
CE [29] and ArgoUML [22].
Exff is accessible on the basis of Common Public License

6.3. XML Profile

XML profile is an extension of UML language which enables conversion of UML models to XML
Schema. Reverse transformation of XML Schema to UML models is also possible. For the transfor-
mation commercial application is required [42].

While two first methods use rigidly defined models in DTD form and XSLT Stylesheets, the
third method is the most flexible and allows to influence the way of mapping of UML representation
elements to XML Schema. This method enables exclusively, usage of XML Schema representation
as schema and does not allow the usage of Document Type Definition. It is not a serious drawback
since DTD is an older form of representation of document schema than XML Schema. Additionally,
DTD has much smaller possibilities of representation of data types.

Apart from these general methods of mapping (Fig. 3) it is possible to use commercially available
programs which convert EXPRESS models to XML Schemas [30] or schemas which are compatible
with STEP, some of them are just being created [33].

STEP modules
DTD, XSLT (EXPRESS) repository

Stylesheets

EEP, MSXSL g
extf

hyperModel

XML Schemas of
STEP modules

UML model of
STEP modules

ﬁ User defined

XML Profile mapping rules

Fig. 3. Repository and the methods of STEP schemas transformation

7. BUILDING ONTOLOGY — AN EXAMPLE

Ontology building for a given domain is a process tightly connected with a range of this domain and
thus with the size of ontology description itself. For a narrow specialized domain where a new de-
scription is created this process is completely different from a domain which is described by means of
different requirements. A wide range of domains which are described by means of ontologies results
in the fact that almost always within such a task there are both classes of issues of ontology descrip-
tion. Paradoxically, an author of ontology which is not described with requirements has an easier
task since he operates in the area of newly created definitions and the lack of constraints facilitates
the task. Problem has to be faced when ontology is created with formally existing descriptions of a
given domain. Then an author tries to assure consistence with already existing description. Informal
description of a domain e.g. in a natural language does not form an obstacle here, but formalization
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of a form of description can result in an increase in the number of problems connected with ontology
creation.

Such problems occurred when creating ontology for knowledge base designed for usage in machine
designing process. In this base knowledge is gathered in a structuralized form with its roots in exact
description of knowledge domains in a form of ontology. Knowledge base environment was created
in two phases, the former one covered general division of the whole range of environment into
autonomous and complimentary domains, and formalization of ontology for designing process and
general product structure. On the basis of that ontology an application was produced serving as
model application for expanding knowledge base.

This model environment was called Product Development Environment (PDE) [14, 15]. Exten-
sion of knowledge base is done by differentiating activities sensitive to knowledge in the process of
product development, where knowledge can be intensively obtained or used. These activities known
as scenarios [12, 16, 17|, define, in a specific way, domains where it is necessary to define own ontolo-
gies. Each domain forms their own specific name space where similar notions can be understood in
a different way. It prevents hypothetical conflicts of notions and definitions, which when extending
ontology range, would be unavoidable. While creating ontology for PDE and applications extending
the range of knowledge base, analysis has been carried of the existing requirements for ontology.
Including already existing ontologies caused problems resulting from non complete or contemporary
form of development of a given ontology and different forms of ontology record. While there is no
cure for the former group of problems, the latter ones have a methodology elaborated which is
partly presented in this paper and in full form in a book [16]. The full range of ontology for domain
defined by PDE environment is presented by STEP standard [5, 7, 26, 35, 38|, there are also other
sources of models for the product itself as well as data connected with processes carried in the
product development and related domains [30-33]. They all should be included in ontology creation
for PDE environment. However, it is not feasible due to the fact that some defined models (STEP)
are being created, there is no coherence of the already existing models and a form of description is
different for different models which unables formal comparison of them. Generally, two basic forms
of ontology description have been distinguished i.e. EXPRESS and XML languages, with the latter
one having two separate forms of description Document Type Definition (DTD) and XML Schema.
Finally, the following main aspects have been taken into consideration while choosing the way of
ontology creation

e Possibly the easiest integration of ontology in the process of creation of the desired application
of knowledge base in a form of Web Service.

Availability of software tools.

Possibly easy edition of ontology (graphical interface).
e Commonness of usage of the language of ontology representation.

e Easy converting from existing models (EXPRESS, DTD, XML Schema).

Although the usage of XML language and in particular XML Schema is becoming quite popular
nowadays, it has been decided to use UML language for ontology creation. It is due to graphic
interface of that language, designing possibilities of other application elements apart from ontology
of knowledge base and greater prospects of description of ontology itself.

For ontology creation in UML language mainly Class Diagram has been used as one of 9 available
diagrams. In the process of transformation of Class Diagram (UML) to XML Schema XML Profile
has been used [1, 16] (Fig.4), which is a description of syntax of XML Schema language in a form of
UML. Although UML language was a formal representation of ontology it was XML Profile which
assure at the same time congruence and transformability of such representation to XML Schema
language. The transformation itself to XML Schema format was done by transitional format XMI
[42] (XML Metadata Interchange), which is typical for this transformation. It was additionally
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controlled by available and adjustable rules of mapping elements of UML model to XML Schema
model [16], which facilitates the very process of adjustment of the final form of XML Schema.

Fig. 4. Framework of ontology transformation from UML to XML Schema representation

Due to existing discrepancies in the same models, forms of record, realization of full coherence
of created ontology has been abandoned and in particular with STEP standard following only
available models. Coherence of data models is to be guaranteed by ultimate form of application -
Web Service, which by definition allows easy exchange and conversion of data models. It results
from final form of data description record in XML format and simplicity of their transformation by

means of transformation language XSLT (Fig. 5).
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Fig. 5. Ensurance of ontology coherence with existing models
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7.1. The structure of domain ontology

In the whole ontology domain formal ranges have been created, which allow its ordering in a hi-
erarchical way. The suggested division it not a finished one and it can be supplemented freely by
detailed process of already existing ranges or by defining new ranges. These ranges create sepa-
rate namespaces and formally, exist as Packages in UML notation. At the highest level 5 separate
packages have been distinguished (Fig. 6):

e Structure — structure of the product.

e Designing — designing process.

OperationandMaintenance — operation and maintenance.

Manufacturing — manufacturing information.

LifecycleSupport — additional processes from product lifecycle.

These packages may have other packages in them which additionally differentiate a range in a
given space.

Opemionandmhimenlnce

htanufacturing I Structure I Lifecycle Support l

‘Desigm'ng I

Fig. 6. Packages constituting equivalents of main scenario domains in methodology of creation [14, 15]
of knowledge base and Namespaces in XML language syntax

The whole created ontology takes a form of mutually overlapping layers of net [16] where product
structure defined in a form of a metamodel plays the most important role. Among available data
models [2, 10], metamodel, which ensures generalization of a problem by means of forming not a
structure for a given product but a general construction form of that structure allowing separate
definition in the same structure metamodel of almost any product [13] (Fig. 7).

Dominant role in Designing package is played by designing process ontology and first of all by
designing procedures. Designing metamodel (Fig. 8) has also been used for creating this model which
compared with other designing models has some essential advantages. It permits defining the very
structure of designing process in the next process, giving only a structural paradigm for creating
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Fig. 7. A framework of product structure metamodel — example of UML model (ontology)

designing procedure. It allows creating any final structure in a sequence, net, hierarchy or any other
form. The model from Fig. 9 lacks these advantages, which has only a form of hierarchy and the
structure is very complex and developed at many levels in order to include complexity of structures
of designing process. However, in spite of such complex structure it does not allow to reflect diversity
of designing process in practice. Application of metamodels in packages for designing process and
product structure allow only at designing process to decide on final process structure, which greatly
improves scalability of solution and reflects reality at the same time showing that both product and,
first of all, process structure is specific for a given solution and, at the same time, forms an element
of knowledge base recorded in designing process.
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Fig. 8. Metamodel od designing procedure (XML Schema)
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Fig. 9. Designing procedure model — opposite solution — not used in knowledge base (only root level
presented — XML Schema)

Additionally a whole range of information model connected with data processed in designing
process and product structure has been defined in these packages. These models reflect directly
defined descriptions in a form of formal requirements of some narrow data formats from different,
remote domains. These are e.g. schemas determining names of units (institutions), personal data,
address data, accepted categories of document revision, general forms of document management
and conduct, quality and safety insurance processes, all types of technical metrics and information
for raw manufacturing materials [30-33, 38]. Depending on format of requirements description,
models for ontology defining were obtained by reverse engineering from XML Schema to UML or in
multistep conversion from EXPRESS to UML. In this case it is very beneficial to use models defined
on the basis of STEP. Since there is no approved specification which would allow to transform model
EXPRESS to UML, it is necessary to refer to repository of STEP schemas in XML format [38] and
exff [37].The creation process of UML model would consist of a series of operations using different
elements from STEP, exff and the following software:

e to generate the EXPRESS XML from EXPRESS text — Eurostep EXPRESS Parser (EEP) [26];
e to execute the XSLT transform of the EXPRESS XML into UML/XMI — Microsoft MSXSL [25];

e to create the compressed UML/XMI file for Poseidon CE [29] — a zip command line wrapper for
WinZip [41];

e to read the UML model — Poseidon Community Edition [29].
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Models’ transformation causes many problems [8, 9, 27]. Despite theoretical possibilities of trans-
formation, models generated in such a way can be used for informative purposes only, they do not
assure the required data coherence in knowledge bases, which are built based on models transformed
in this way.

Ontology structure of remaining packages is a separate issue orienting on given application sce-
nario which specifies knowledge base domain [12, 16, 17]. It is done at the stage of scenario creation
and constructing a given aiding application.

8. SOFTWARE IMPLEMENTATION

In the process of ontology building and processing, specific tools for that process have been used:

e Designing of knowledge base models, knowledge structuralization: ArgoUML v 0.12. [22] or
Poseidon for UML 1.6 [29] (community edition).

¢ Models transformation from UML format to XML Schema format: Hypermodel v 1.2 [42].
e Verification and analysis of XML Schemas: XML Spy v5.2 [45].

Two applications have been created, one of them is a skeleton application [14, 15]. Skeleton
application includes mechanisms, which enable addition of any knowledge domain, represented in
a given way and scenario of its usage. On the basis of this application and earlier selected scenario
[17] of operation, domain and its ontology have been defined for creation of knowledge base dealing
with service processes of a given product [18].

9. CONCLUSIONS

The idea of STEP authors was to elaborate detailed description of domains connected with a
product and its development at different phases for data processing. Unfortunately, at present form
this standard fulfills its role only in a limited way. Formalized data description due to different than
commonly used formalism and lack of formal conversion methods forms a big difficulty in widespread
of this standard. Data models generated from STEP standard for the purpose of application creation
in commonly used formats are not coherent. This standard is still being developed further and in the
nearest future it should include solutions of these problems. Data models used in the standard can
be successfully applied in ontology creation in knowledge bases where the assurance of coherence
is obtained at the phase of data exchange between applications in a Web Services model. A clear
advantage of models from STEP standard is that they allow ordering of ontologies of complex
domains.

The presented way of ontology building, against possible ways of representing ontologies, is based
on checked forms of representation of UML and XML. However, no specialized form of ontology
representation has been used. The cause of that was the necessity of integration of ontology itself
in the process of knowledge base creation. The used methodology allows easy application of special
XML Profile defining syntax of XML Schema.

Furthermore, current problems connected with mapping rules of EXPRESS models to UML and
XML do not allow to obtain coherent data models. Although the described process of transformation
of EXPRESS models to UML and XML allows to generate such models, ways of mapping, which
are not fully set or approved, of different representations do not assure data coherence. In building
ontology it is recommended to use already elaborated schemas [5, 32, 33] which allow to reflect
already defined and commonly accepted models.

STEP standard is one of the first ones which tries to implement data models described in a formal
way to a wide usage, but the models themselves cover quite broad domains. Regardless the current
problems with conversion of these data, standard implementation and usage forms a problem itself
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and requires many-year promotion campaign which questions the usefulness of elaboration of these
requirements.
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