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Abstract. In this paper we present a new methodology for Domain modeling
based on Engineering Standards. We discuss some benefits of standards
as guidelines for a Knowledge Based Domain modeling, potential challenges
and approaches to overcome them. The benefits of using Standards as
models for Domain ontologies have been shown as valid in related work
and, as proof of concept, we present a case study where our methodology
was successfully applied.
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1 Introduction

Webster defines a Domain as “a sphere of knowledge, influence or activity”. In Com-
puter Science, we consider a Domain as a sphere of Knowledge identified by a name,
in which the information is a collection of concepts, intermediations and facts about
entities [8]. In other words, a Domain describes the elements and characteristics be-
longing to a Knowledge Base. A Domain ontology (or Domain-specific ontology)
models the Knowledge in a specific Domain, representing particular meanings for the
terms it contains. For example, in the Plant Design Domain, the concept elbow is a
specific type of bend pipe used to change the direction of the fluid. However, when
considering similar Domains, the degree of specialization and conceptualization, even
within the same concept, can vary slightly (e.g. a Piping Engineer will consider a
wider definition of an elbow when compared to a Structural Engineer). The Domain
modeling does not stop at the concept definition. Any concept in a Domain also needs
property characterization, e.g. for an elbow in the Plant Design Domain, distinctive-
ness such as the radius, the curvature, etc. According to BSI [1], a standard is an
agreed, repeatable way of doing something. It is a published document that contains a
technical specification or other precise criteria designed to be used consistently as a
rule, guideline, or definition. A comprehensive list of standards organizations can be
found in [5]. In this paper, we will present a methodology that can be used to aid in
the Domain modeling of a Knowledge Base using Engineering Standards. According
to BSI [1], a standard is an agreed, repeatable way of doing something. It is a
published document that contains a technical specification or other precise criteria
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designed to be used consistently as a rule, guideline, or definition. Standards help to
make life simpler and to increase the reliability and the effectiveness of many goods
and services we use. Standards are created by bringing together the experience and
expertise of all interested parties such as the producers, sellers, buyers, users and
regulators of a particular material, product, process or service. This paper is structured
as follows: In section 2, we will present a state of the art on the different topics
relevant to our work. In section 3, we present our methodology for Domain modeling
based on Engineering Standards. In section 4, we present a case study where we suc-
cessfully applied our methodology, and lastly in section 5, we present some conclu-
sions and future work.

2 State of the Art

In this section we introduce some concepts relevant to this paper. Knowledge is con-
sidered an invaluable resource of great benefit for most purposes in life. For this rea-
son, mankind has always attempted to make it part of their assets. Knowledge itself
seems to be an attribute of human beings; it may be defined [7] as: (i) the expertise
and skills acquired by a person through experience or education via a theoretical or
practical understanding of a subject, (ii) what is known in a particular field related to
facts and information or (iii) experiential knowledge, the awareness or familiarity
gained by experience of a fact or situation. Knowledge Engineering (KE) is an engi-
neering discipline that involves integrating Knowledge into computer systems in
order to solve complex problems, normally requiring a high level of human expertise
[2]. Following this line of thought, Knowledge Bases can be modeled and used by
computer systems in order to enhance their capacities. One of the most commonly
used techniques for Knowledge modeling is ontologies.

2.1 Knowledge Modeling Using Ontologies

We base our approach on the widely accepted definition of ontology given by Tom
Gruber of what an ontology is in the Computer Science Domain: an ontology is the
explicit specification of a conceptualization; in other words it is a description of the
concepts and relationships in a Domain [3]. Some of the reasons to use ontologies in
Knowledge modeling are: (i) To separate Domain Knowledge from actual Knowl-
edge, (i) to analyze Domain Knowledge, (iii) to share common understanding of the
structure of information between people or software agents, (iv) to enable reuse of
Domain Knowledge, and (v) to make Domain assumptions explicit. To our knowl-
edge, there are few reported cases where Standards are used along with semantic
technologies, such as the notorious case of CIDOC-CRM [7], whose primary role is as
a formal ontology intended to facilitate the integration, mediation and interchange of
heterogeneous cultural heritage information heterogeneous sources. The usual ap-
proach for modeling Domain starts with human experts who use their own knowledge
about the specific needs of an industry in order to model the subjects and their
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relations using editors or even plain paper. In some companies the Domain expert is
known as the “Knowledge Engineer” and their purpose is to conceptualize the busi-
ness now-how and processes.

3 A Methodology for the Use of Engineering Standards as Models
for Domain

In this section, we introduce our methodology for the Domain modeling based on
Engineering Standards.

3.1 Motivation to Use Standards as a Basis for Domain Modeling

The ability to demonstrate compliance with industry standards is an effective mean of
differentiation in a competitive marketplace. In addition, manufacturing products or
supplying services to appropriate standards maximizes their compatibility with those
manufactured or offered by others, thereby increasing potential sales and widespread
acceptance. As consumers become increasingly informed about their choices, con-
formity to recognized standards becomes pivotal. We argue that the use of Engineer-
ing Standards as models for Domains provides the following benefits:

e  Consensus: There is a consensus on the terminology, organization and logic of
the Domain.

e  Format support: Many Engineering applications support Engineering Stan-
dards as input/output formats (e.g. CAD software with STEP modules [7]. This
fact helps in the categorization of elements and the mapping of such elements
into the Knowledge Base).

e  Avoidance of Semantic loss: The modeling of an Engineering Standard, usually
considers not only of the element in its isolated form, but also, the relationship
of the element with surrounding objects. The aforementioned fact is indeed a
valuable feature that helps in the conservation of the Semantics properties of
such elements.

e  Ease of a new Domain modeling based on existing Standards: If there is no
existing Engineering Standard for a given Domain, a standard complying with
similar characteristics can be used. An example of this is the use of STEP appli-
cation protocol 227 (Plant Design) ([7], [8]) in the case of Ship Design.

e  Standards are revised on a regular basis: Their nature is intrinsically evolu-
tionary due to the development of new technologies for fabrication or the typical
evolution of engineering paradigms. When using standards as a basis for a
Knowledge Base, there exists an intrinsic guarantee that the most recent data
models will be used.

Our methodology is divided into a series of logical steps that must be performed to
assure a correct modeling of the Domain (see Fig. 1).
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Fig. 1. Our methodology for Domain modeling based on Standards

As can be seen, we divided our methodology in 4 layers: DEFINE, IDENTIFY,
MODEL and INSTANTIATE, encompassing eight stages as follows:

DEFINE:

« Stage 1- Definition:

In this stage, an identification of the purpose and requirements of the domain is made. What is the purpose of the KB, the information
that will be stored and the needed level of detail of such information.

« Stage 2- Selection of the Standard

In this stage, there is a search of a standard that suits the defined needs. As a result of this selection, the chosen standard must be studied
in detail, how is constructed, what can be done in order to extend it, etc

IDENTIFY:

« Stage 3- Class identification

In this stage, an identification of the purpose and requirements of the domain is made. What is the purpose of the KB, the information
that will be stored and the needed level of detail of such information.

« Stage 4- Property identification

At this stage, the characteristics that can be measured or determined by data types (string, Boolean value, integer, etc), are identified in
each class, e.g. outside diameter, length, etc. Then we identify the characteristics that relate a class with other classes (relation types). In
general data type characteristics are easily recognizable and obtained by simple interrogations (e.g. to a geometric model). Relation
types are a little bit more difficult to find, because generally when talking about a geometric model whose characteristics will be
obtained, those sets of elements are categorized as geometric primitives rather than functional objects. For the aforementioned case,
solutions like the process of branding and matching presented by Posada, could be used [4].

MODEL:

« Stage 5- Initial modeling

In this stage, a subset of the domain is chosen in order to verify the complexity of the overall modeling and the real capabilities of the
KB. Since the elaboration of a KB is an iterative process by nature, this small test must answer initial modeling needs.

« Stage 6- KB transcription and refinement

Sometimes the initial modeling is enough for the KB to fulfill the design requirements in stage 1, however is highly recommended to
perform a verification of the transcription, by using for example the capabilities of a ontology reasoner to check the congruence of the
KB. Once the transcription is done, a refinement process takes place. In such stage any needed extension of the standard take place.
Usually the transcription a refinement is performed using an editor.




Domain Modeling Based on Engineering Standards 99

INSTANTIATE:

« Stage 7- Testing and instancing

In this step the test of the instances and the creation of an automatic or semiautomatic instancing mechanism (if needed) is performed.
As a final step, some individuals conforming to the specification of the classes can be manually modeled using again an editor. Such
process can be automated if needed if any API tools are available and the elements that must conform can be interrogated e.g. modeling
an industrial plant KB that has a 3D counterpart in CAD, the CAD API can be used to interrogate the elements and the editor API to
semi-automatically “fill” the individuals in the KB. This step does not strictly fall into the modeling process, but in order to really use
the modeled KB is needed.

« Stage 8- Application develop based on Standards

In this last step the Virtual Engineering Application using the Domain model is developed, this last stage comprises the actual usability
of the Domain where the VEA advantages from Semantics via the enhancement obtained by having a better described and consensual
Domain model.

3.2 Potential Challenges

There are some potential challenges to take into account when modeling a Domain
based on Engineering Standards, for instance: (i) The design of the Standard could be
Functionally biased: In some cases, the Engineering Standards is functionally ori-
ented, a fact that leads to potential semantic loss, as the Standard does not include the
required parameters for a complete Domain modeling. This case is exemplified by the
STEP element “Valve” [7]. With this element, the standard reveals only functional
parameters (actuator_type, operation_mode, type), but ignores geometric parameters
that are needed and also easy read from a CAD model (diameter, length, etc.). In this
case an extension of the class should be performed in order to obtain a complete
Knowledge Base. When the extension of the Domain is needed, it is advisable to
double check if the parameter is a fundamental characteristic. At times, the Engineer-
ing Standards offer a way to obtain the required parameter by interrogating neighbor-
ing elements (in the case of the Valve, the input and output pipes could be used for
such a purpose). If the parameter needed is fundamental and the extension is unavoid-
able, it should be clearly specified as being “outside the standard feature” and it must
follow the ES architecture, e.g. it should be part of the correct element and moreover
derived from the correct parent class. (i) The Standard can disappear or be absorbed
by other standards: Perhaps due to a lack of use or for administrative reasons, some
standards disappear (e.g. the case of CAM-I AIS); in such cases the use of a Knowl-
edge Base based on such Engineering Standards could be continued, however it
would be advisable to migrate the Knowledge Base to a new paradigm when avail-
able. In the case of absorption by other standards, it is advisable to review the model
in order to check its robustness. (iii) The Standard falls short for the Domain needs:
This indicates a possible immature Engineering Standards, or an inappropriate selec-
tion by the Domain Designer. In both cases, it is advisable that a complete
reading and understanding of the Standard and an extensive review of the problem’s
characterization (requisites).

4 Case Study

In this section we will describe an example of our proposed methodology for Domain
modeling based on Engineering Standards.

Stage 1- Definition. Let us consider the problem of modeling an Industrial Plant, and
as a practical example, a Flange element.

Stage 2 - Selection of the Standard: By performing an Internet search, we find that
there is an ISO Standard that could be used for our needs; this case is ISO 10303 AP
227 (Industrial Plants) [8].
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Stage 3 - Classes identification: Consulting the standard we find that a description of
a Flange element exists; this description is depicted in Fig. 2.

4.2.84 Flange

A Flange is a type of Fitting (see 4.2.83) that is an annular collar that permits a bolted connection to a
similar collar. Each Flange contains two end connectors. one of which shall be a Piping_connector of
tyvpe Flanged_end. Each Flange may be one of the following: a Blind_flange (see 4 2 3) an Expander_-
flange (see 4.2.75). an Orifice_flange (see 4.2.146). ora Reducing_flange (see 4.2.202). Each Flange may
be one of the following: a Lap joint flange (see 4.2.118). a Slip on flange (see 4.2.222). a Socket -

hub_through_Lengc!

NOTE Figure 12 depicts a typical weld-neck Flange.

The data associated with a Flange are the following:

—end 1 connector:
end_2_connector

PR / hub_weld_point_dismeter

— end_2_connector:

— hub_through_length:

— hub_weld_point_diameter.

4.2.84.1 end_1_connector

The end_1_connector specifies the Piping connector (see 4.2.158) at the flange face.
4.2.84.2 end_2_connector

The end_2_connector specifies the Piping connector (see 4.2.158) at the hub face.

Fig. 2. STEP Excerpt for the case study

Stage 4 - Properties identification. By looking at the properties in the Flange ele-
ment, we create a classification as can be seen in Table 1. The criterion to choose the
concept is provided by an expert in the field whose work as a Knowledge Engineer is
fundamental at this stage.

Table. 1. Properties classification

Name Property_type Value
hub_through_length Data Double
hub_weld_point_diameter | Data Double
end_1_connector Relational Element
end_2_connector Relational Element

Stage 5 - Initial modeling. We use the Protégé ontology editor to model the element
as can be seen in Fig. 3,4, and 5.

pwil ) OWLClasses Bl Properties 4 Individuals = Forms

({instance of owl:Class)

Value

A Flange is a type of Fitting (see 4.2.83) that is an annular collar that permits a bolted connection to a
similar collar. Each Flange contains two end connectors, one of which shall be a Piping_connector of
type Flanged_end. Each Flange may be one of the following: a Blind_flange (see 4.2.3), an Expander_-
flange (see 4.2.75), an Orifice_flange (see 4.2.146), or a Reducing_flange (see 4.2.202). Each Flange may
be one of the following: a Lap_joint_flange (see 4.2.118), a Slip_on_flange (see 4.2.222), a Socket_-
weld_flange (see 4.2.224), a Threaded_flange (see 4.2.252), or a Weld_neck_flange (see 4.2.266).

Fig. 3. Modeling of the Flange class
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}.rl} OWLClasses mm Properties ¥ Individuals = Forms |

(instance of owl:DatatypeProperty, owl

value

4.2.84.4 hub_weld_point_diameter

[The hub_weld_point_diameter specifies the outside diameter of the hub at the point of connection
between the flange and the pipe. It may be specified as a single value or as a range of values.
NOTESlee annex L for a discussion of attributes that may be assigned a single value or a range of
walues |

Fig. 4. Modeling of the Flange, data type properties

by OWLClasses = Properties % Individuals = Forms

(instance of owl:Obje

walue
4.2.84.1 end_1 connector
The end_1_ connector specifies the Piping_connector (see 4.2.158) at the flange face.

Fig. 5. Modeling of the Flange, relational properties

Stage 6- Knowledge Base transcription and refinement. For the example case, we
decide than the Standard contains enough information for our modeling needs, hence
no extension is needed. The process is finalized by running a reasoning process to
check the ontology for any problems at a logical level (not shown here).

Stage 7- Testing and instancing. In this case, we use the Protégé OWL API for the
generation of Java source code suitable for the semi-automatic instancing of individu-
als, Fig. 6 (left) depicts a section of this code.

Stage 8- Application development based on Standards. As pointed out before, this
last stage comprises the actual usability of the Domain. In our case we used the mod-
eled domain in order to match graphic elements coming from a 3D model with their
parameters for a semantic synonym graphical adaptation as explained in [8]. Fig. 6
(Right), depicts such matching for the example.

Tic irterface Flesge extesdy DNLIndividoal | |
30 A Semantic Synonym ISO-STEP Matched

(Civomenric LOD) (putmmetsic)
Pipe getind 1o

6 Property il ISO-STEP Ill_'n.‘-r\l:'ll" FLANGE (COD. 4.2.84)

STEP 4.2.54.3

veld setEnd 1 conmector{iipe memlnd 1 comnectar)

Hub through
I I length=s
Callection gotind 7, con 3
STEP 4.2.54.4
T N S
; v

Sl point dinmeter

. = side o e ]
XYZ = Coord. System
" = position (ppy.pz) | STEP piping

connectors | give XYZ,
P.

Fig. 6. (Left) Generated control code, (Right) Application development
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5 Conclusions and Future Work

In this paper we presented a new methodology for Domain modeling based on Engi-
neering Standards. We discussed some of the benefits of standards as guidelines for a
Knowledge Based Domain modeling and some potential challenges along with possi-
ble approaches to overcome them. As future work, we intend to test and compare our
methodology and other established methods that could be used for domain modeling
such as commonKADS, etc.
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