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ABSTRACT 

The adoption of ontology analysis in the study of concept knowledge acquisition and representation for the 
nuclear component design process based on computer-supported cooperative work (CSCW) makes it possible to 
share and reuse numerous concept knowledge of multi-disciplinary domains. A practical ontology building method 
is accordingly proposed based on Protégé knowledge model in combination with both top-down and bottom-up 
approaches together with Formal Concept Analysis (FCA). FCA exhibits its advantages in the way it helps 
establish and improve taxonomic hierarchy of concepts and resolve concept conflict occurred in modeling 
multi-disciplinary domains. With Protégé-3.0 as the ontology building tool, a nuclear component design ontology 
based ASME codes is developed by utilizing the ontology building method. The ontology serves as the basis to 
realize concept knowledge sharing and reusing of nuclear component design. 

 
Keywords: Nuclear Component, Ontology, Formal Concept Analysis, Knowledge sharing and re-using, 
CSCW 

 

1. INTRODUCTION 

The development of computer science, especially artificial intelligence, makes automatic and intelligent 
design and assessment a reality. Moreover, progresses in intelligent CAD research promise intelligentization of 
nuclear component design an inevitable trend of future development. The advantage is obvious. Based on 
CAD/CAE technology (shown in Fig. 1), the artificial intelligence technology adopted in the nuclear component 
design brings improved quality, shortened design cycle and reduced design cost as well. 

However, there are difficulties to overcome before the computer-aided design is given its full display. For 
instance, the design process of a nuclear component involves multi-disciplinary and multi-specialty domain 
knowledge. The same concept may denote different intentions and extensions in different disciplines and domains. 
Even the same concept gets different names in different domain terminology. In addition, the design applies 
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several different techniques, such as CAD, FEM, experiment, and testing. These difficulties hinder the 
computer-supported cooperative work (CSCW) and knowledge sharing and re-using among different applications.  

The ontology building based on knowledge sharing and reusing offers an option in dealing with the problems. 
“An Ontology is a formal, explicit specification of a shared conceptualization” (BORST, 1997). 
“Conceptualization'' refers to an abstract model of phenomena in the world by having identified the relevant 
concepts of those phenomena. “Explicit'' means the type of concepts used and the constraints on their uses are 
explicitly defined. “Formal'' refers to the fact that the ontology should be machine readable, which excludes natural 
language. “Shared'' reflects the notion that an ontology captures consensual knowledge, not private to some 
individual, but accepted by a group (BORST, 1997, GRUBER, 1993, STUDER, 1998). Developing an ontology 
can help make it possible to change these assumptions easily if the knowledge about the domain changes, to 
separate the domain knowledge from the operational knowledge, and to analyze domain knowledge when a 
declarative specification of the terms is available (Natalya, 2002. It is necessary to build an ontology of nuclear 
component design to resolve the problems about concept knowledge sharing and re-using. 

This paper emphasizes on the method and procedure in building the ontology of nuclear component design 
based on design engineering standards/codes by analyzing the knowledge characteristics of nuclear component 
design process. 

 

Fig. 1 Structure of Nuclear Component Design ICAD System 

2. KNOWLEDGE MODEL OF NUCLEAR COMPONENT DESIGN 

2.1. Knowledge modeling 
According to different knowledge hierarchies, the knowledge of the nuclear component design is divided into 

four categories: fact knowledge, concept knowledge, procedural knowledge and Meta knowledge or heuristics 
knowledge (BAO, 2003). 
2.1.1. Fact knowledge 

Fact (illustrative) knowledge has several resources:  
1) Tables, graphic curves, and graphic examples listed in the engineering standards/codes 
2) Analyzing and calculating results 
3) Testing and experiment data 

2.1.2. Concept knowledge 
The concept knowledge includes four aspects of contexts: concepts of the domains, properties and attributes 

of concepts, constraints on properties and attributes, and individual in the domains. The concepts and their 
attributes are mainly derived from terms defined explicitly in the domains, such as design pressure, design 
temperature, service conditions and loading conditions in ASME Boiler and Pressure Vessel Code (B&PV) 
Section III (ASME, 2001). The constraints on properties and attributes of concepts correspond to the rules which 
are stated in the standards/codes 
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The concepts in the domains can establish knowledge structures through inheritance way in response to 
correlations among their extension and intension. It is the concept knowledge that is applied to build the ontology 
discussed in the paper. 
2.1.3. Procedural knowledge 

Procedural knowledge is classified into two categories: rule and process. 
1) Rule knowledge 
Rule knowledge covers the rules which should be compulsorily executed and satisfied. This knowledge is 

mainly depicted as regulations in engineering standards/codes. 
2) Process knowledge 
The knowledge about how to utilize rule knowledge is referred to as process (operational) knowledge. For 

example, manual guide of ASME codes for engineers involves this kind of knowledge. In this perspective, process 
knowledge is the integration of facts, concepts and rules. 
2.1.4. Meta knowledge or heuristics knowledge 

Meta knowledge is the most important knowledge in the knowledge classification. And it is also the most 
difficult knowledge to be acquired and determined. For instance, the knowledge of how to search, understand and 
apply rules specified in engineering standards/codes by domain experts belongs to Meta knowledge. Domain 
experts’ empirical knowledge may agree with scientific requirement, but it might be proved an erroneous 
experience. Hence, this kind of knowledge needs validating and verifying before stored into knowledge base. 

3. ONTOLOGY BUILDING 

3.1. Ontology Building Process 
It is very hard to give priority to certain way of domain modeling as there are always viable alternatives 

available. The best solution almost depends on the application that the developer has in mind and the extensions 
that the developer anticipate. Developing an ontology is an iterative process, which starts with a rough first pass at 
the ontology, then revises and refines the evolving ontology and fills in with the details. In practical terms, 
developing an ontology includes (Natalya, 2002): 

1) Defining classes in the ontology, 
2) Arranging the classes in a taxonomic (subclass–superclass) hierarchy, 
3) Defining slots and describing allowed values for these slots, 
4) Filling in the values for slots for instances. 
Then a knowledge base can be created by defining individual instances of these classes filling in specific slot 

value information and additional slot restrictions. 

3.2. Ontology Building Technology 
An important method for Ontology (concept knowledge) representation is the one based on frames (Fikes, 

1985, Minsky, 1987, Karp, 1992). Frame-based representations are the basis for several systems (Felbaum, 1998, 
Cimino, 2000, Karp, 2000). In frame-based representations, concepts represent sets of objects with common 
properties. A frame representing a concept contains slots describing its attributes. Facets describe properties of 
slots, such as their allowed values and cardinality. Relationships are slots that have frames as their allowed value. A 
special relationship is the “is-a” relationship that organizes ontologies into a taxonomic hierarchy and allows 
inheritance. Inheritance propagates slot values from concepts to their children, decreasing redundancy of stored 
information—thus reducing the chance of inconsistent or inefficient updates (Yeh, 2003). 
3.2.1. Protégé-3.0 

In this paper, Protégé-3.0 developed by KSL of Stanford University is utilized as an ontology building tool, 
which is a frame-based ontology engineering tool, written in Java and contains a Java API for independent 
development of plug-ins.  

The Protégé Axiom Language (PAL) extends the Protégé knowledge modeling environment with support for 
writing and storing logical constraints and queries about frames in a knowledge base. More than just a language, 
PAL is a plug-in toolset that comprises engines for checking constraints and running queries on knowledge bases, 
as well as a set of useful user interface components. 
3.2.2. Formal Concept Analysis 

Formal Concept Analysis (FCA) was developed by Ganter and Wille in the early 1980s (Ganter, 1997). FCA 
was introduced as a mathematical theory modeling the concept of “concepts” in terms of lattice theory. FCA can be 

4882



 

Copyright © 2005 by SMiRT18 
 

used for deriving and improving conceptual structures in knowledge model of a domain by using concept lattice. In 
FCA, concept lattice are used to unfold given data, make their concept structure visible and accessible in order to 
find patterns, regularities, exceptions etc.. This may help in the ontology iterative process. As a result, FCA is now 
considered as the mathematical backbone of conceptual knowledge processing (CKP), a theory located in 
computer science, having as task to provide methods and tools for human oriented concept-based knowledge 
processing (Stumme, 2003). 

In this paper, a plug-in for Protégé-3.0, named “FcaTab”, is used to perform the transformation from an 
ontology into a conceptual context automatically (Tao, 2004). After creating the conceptual context, ConExp is 
used to draw corresponding conceptual lattice. ConExp is not only a very nice lattice-drawing application, but also 
a powerful tool for other FCA operations such as attributes exploration, implication extraction and association 
rules analysis. 

4. NUCLEAR COMPONENT DESIGN ONTOLOGY 

The ontology developed in this research work is supposed to represent the concepts of design process of a 
nuclear component (shown in Fig. 2). The design process of a nuclear component is an iterative process relating to 
several difference domains such as material, mechanics, structure design, and CAD/CAE in order to satisfy the 
safety requirements of nuclear components. For the designer, a corresponding design certificate is required to 
ensure the possession of sufficient theoretical knowledge and working experience of this kind. All this demands 
are specified in detailed in the engineering standards/codes such as ASME B&PV Codes. In this paper focuses are 
placed on ASME B&PV Codes Section III.  

Given the characteristics of the design process mentioned above, the developer and maintainer of nuclear 
component design ontology should be knowledgeable engineers who cooperate closely with domain experts, the 
users of the ontology. 

Requirements of 
Dimentsion and Fabrication

Selecting Material, Material 
Parameters

Determining Loadings

Mechanical Design

Caculating Temperature 
Field

Caculating Thermoelastic 
Distortion and Stresses

Stress Analysis and 
Assessment

Analyzing Design Scheme

Modifying 
and 

Optimizing

Loading
  1.Design Loading
     1)Design Pressure
     2)Design Temperature
     3)Design Mechanical Loads
  2.Test Loading
  3.Service（including Dynamic Loading）
     1)Pressure
     2)Temperature
     3)Mechanical Loads
     4)Cycles
     5)Transient
  4.Accident Loading

Legal Caculating  Tools
  1.Finite Element Method
  2.Code Method and other Methods
  3.Stress Experimental Determination Method

Failure Determination Criterion
  1.Oversize Deformation
  2.Exceeding Primary Stress Limits
  3.Excessive Secondary Stress or Ratheting Effect
  4.Fatigure Failure
  5.Brittle Fracture

Fig. 2 Design and Analysis Procedure Diagram of Nuclear Component 

4.1. Building Procedure of Nuclear Component Ontology 
The most important tasks of a knowledge model are to express concepts not only clearly, efficiently but also 

formally. Protégé-3.0 is perfect in expressing concepts clearly and efficiently but imperfect in expressing concepts 
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formally. As result, the concept in the Protégé model is not suitable to be processed by computers, and the 
mathematical theories can not be applied to analyze the structure of the Protégé ontology to find out redundancies 
or inconsistencies. 

Due to the characteristics of nuclear component design, combination of top-down-oriented ontology building 
process and bottom-up-oriented ontology building process is applied in the building procedure of nuclear 
component ontology. In this process, how to classify concept rationally might occur in concept classification by 
attributes of concept. For example, it is possible to have different decisions about how to classify concepts. In this 
case one concept may be involved in different classifying process. It may be a sub-concept of more than one 
concept. This is called multiple-inheritance. However concepts are organized in Protégé-3.0 as a tree. This is 
suitable for singe inheritance but not sufficient for multiple-inheritance. Protégé-3.0 tries to solve the problem by 
adding an additional field in every concept indicating its super-concepts. This works anyway but is just a 
compromise. It is not convenient for people to read the concept hierarchy of the ontology (Tao, 2004). Moreover, 
the problems are brought by concept conflicts in modeling a multi-disciplinary domain during the nuclear 
component design process. 

For solving the problems brought by the limitations of Protégé-3.0, a practical ontology building method is 
accordingly proposed based on Protégé knowledge model in combination with both top-down-oriented and 
bottom-up-oriented ontology building approaches together with Formal Concept Analysis which helps establish 
and improve taxonomic hierarchy of concepts. In the ontology building process (shown in Fig. 3), there are eight 
steps such as Determine the domain and scope of the ontology, Consider reusing existing ontologies, Enumerate 
important terms in the ontology, Define the classes and the class hierarchy, Define the properties of classes—slots, 
Define the facets of the slots, Validate Class Hierarchy by FCA and Create instances. The method is used for 
developing nuclear component design ontology. It is cannot consider reusing existing ontologies for no similar 
ontology developed at present. 

4.2. Compositions of Nuclear Component Ontology 
According to the domains and scope of a design process of a nuclear component, the Nuclear Component 

Ontology should include seven compositions: Nuclear Component, Material, Personnel, Standards/Codes, Design 
Document, Physical & Chemical Characteristics, and Others (shown in Fig. 4). Some brief explains are given as 
follows. 
4.2.1. Nuclear Component 

The design object is one of the nuclear components mainly including pressure vessels, pressure pipelines, and 
other equipments. In this concept hierarchy, concepts about a nuclear component itself, such as title, class, type, 
usage, structure, dimension and etc., are represented. 
4.2.2. Material 

Material should be a property of a nuclear component. However, due to its complicated nature, it is not 
rational to be included in the nuclear component concept hierarchy. As ASME B&PV Codes Section II specifies, 
there are three sub-concepts of material, such as ferrous material, non-ferrous material, and weld material. 
4.2.3. Physical & Chemical Characteristics 

A nuclear component has different properties such as material properties and mechanical properties, and 
relates to several design parameters such as design pressure, design temperature, seismic loading. Those properties 
can be interpreted as the properties of a Nuclear Component Concept or a Material Concept. In practice, the 
standards/codes and materials are two main parts tending to be changed. All those properties are defined as classes 
(concepts) and arranged in a single taxonomic (subclass–superclass) hierarchy. Then every change in the single 
domain is separated from other domains. In this way, when change in one of the domains about the design process 
of a nuclear component occurs, knowledge among the different applications and different users can be shared and 
re-used, which makes the maintaining and re-developing work of the ontology simplified and convenient. 
4.2.4. Personnel 

The different people who concern the design process should be included in the personnel concept hierarchy, 
because those people will fulfill different duties specified by the engineering standards/codes. 
4.2.5. Standards/Codes 

Though vast and numerous, the structures of the engineering standards/codes are similar. Therefore, it is 
facilitated to establish the standards/codes taxonomic hierarchy (shown in Fig. 5). 
4.2.6. Others 
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In order to represent the data type like tables and others, it is necessary to use table widget which is developed 
for Protégé. Moreover, Petri net has been adopted into a knowledge base for checking knowledge consistency. All 
those concepts are put into the Others taxonomic hierarchy. 

Consider reusing existing ontologies

Enumerate important terms in the ontology

Define the classes and the class hierarchy

Define the facets of the slots

Define the properties of classes —slots

Create instances
(Fact knowledge )

Validate Class 
Hierarchy by FCA

No

Yes

Determine the domain and scope of the 
ontology

Fig. 3 Nuclear Component Ontology Building 
Process 

 
Fig. 4 Nuclear Component Ontology 

 
Fig. 5 Standards/Codes taxonomic hierarchy

4.3 PAL Constraint for Consistency Checking 
The Protégé Axiom Language (PAL) can be used for consistency checking in the knowledge base (an 

ontology and its instances). In the nuclear component ontology, the PAL constraints can also represent the rules of 
standards/codes. An example can illustrate the rules of different subsection of ASME B&PV Code Section III 
corresponding to different class of nuclear components (shown in Fig. 6). 

4.4 FCA for Building Concept Hierarchy 
Concepts about the design process of a nuclear component are numerous, and may have different definition in 

various domains. FCA is considered a suitable tool to build a proper concept hierarchy. FCA helps build the 
concept hierarchy with diverse stresses defined in the ASME B&PV Codes Section III.  

At first, the table of stresses and their properties are listed according to the regulations of the Code. Because 
the FCA tool only supports one-value context, the context should be transformed into a one-value context. Then, as 
the FCA concepts are not the same as the concepts of the domains, some concepts such as stress category is added 
to the concept hierarchy. Finally, the stress concept hierarchy is obtained as Fig. 7 shows.  

The concept hierarchy obtained by FCA offers a solution to the contradiction arisen when the concepts have 
different applications in a variety of disciplines. A key point should be emphasized that this process is iterative and 
should be fulfilled by the knowledgeable engineers and domain experts in a closely cooperative manner. 
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Fig. 6 PAL Constraint Example 

 
Fig. 7 Stress Concept Hierarchy in FCA 

5. CONCLUSION 

The design of the nuclear component is an iterative process. Computer-aided design can help reduce the time 
and cost incurred in the design process. However, as the design process involves multi-disciplinary and 
multi-specialty knowledge, the identification of concepts in different domain imposes a great challenge. By 
employing logical analysis, this paper proposes to adopt the ontology building technology in the nuclear 
component design process with the help of the frame-based ontology engineering tool -- Protégé-3.0. This paper 
exposits how to build a nuclear component ontology. Compared with other ways of modeling, the ontology 
building based on knowledge sharing and reusing distinguishes concepts in different domains by placing them in a 
hierarchical form. Meanwhile, Formal Concept Analysis (FCA) is used not only for establishing the concept 
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hierarchy of the ontology, but also for solving the problems which are brought by concept conflicts in modeling a 
multi-disciplinary domain. 

An ontology should be accepted by a group or a industry, not just by some individuals. In this view, this paper 
serves as a proposal for knowledge sharing and reusing for computer-supported cooperative work (CSCW). The 
future work should be carried out in two directions. One is to modify or reestablish the Nuclear Component 
Ontology by more engineers and domain experts with the help of Web technology and OWL (Ontology Web 
Language) (Harmelen, 2004) so as to make the ontology accepted by more groups. The other is to keep the 
ontology consistent with the other international standards of different domain, such as STEP (STandard for the 
Exchange of Product model data) for CAD software. 
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