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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.

Keywords: knowledge base, ontology, object-oriented modeling, STEP, UML, XML

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.
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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,
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® 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






