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Abstract - Due to complexity of customer’s requirements and drastic technological changes, today’s development of 
automotive product is becoming complex and requires intensive knowledge and information. The accurate knowledge and 
information focusing on products and processes are crucially required to avoid mismatch information that affect the 
production of products that meet customer’s requirements. Unfortunately, the current approach of eliciting knowledge and 
information that describes the common attributes of automotive products is problematic as it lacks formalism of automotive 
products. In this study, we propose the use of ontology to represent the knowledge of automotive products. This paper 
presents an approach to describe the common attributes of automotive products using a Formal Attribution Specification 
Template (FAST). The attributes identified by FAST is a formal attributes that can be used to develop ontology. The formal 
attributes are expressed in terms of its mereological and topological structure and it involves with one or more processes. 
Our study shows that FAST is efficient and useful for describing automotive attributes, which can improve the elicitation of 
accurate automotive requirements and provides the design rationale of ontology. 
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I. INTRODUCTION 
 
Globalization and digitalization has transformed the 
image of automotive industry. Its image is no longer 
projected as mass production and standardized 
products suitable for customer‘s demand. Nowadays, 
the customer’s demands are becoming more complex 
in which only manufacturers who can offer a safe car, 
more fuel-efficient and more advanced in technology 
can gain the competitive advantage. To gain the 
company’s competitive advantage, engineers need to 
have the necessary knowledge and information at the 
right time.  
The automotive industry involves diverse activities 
that require effective elicitation process of knowledge 
and information of product at the early stage of 
design process. The need for effective elicitation 
process is driven by the challenge of thedesign 
process to ensure effective use of information and 
knowledge of product-life cycle knowledge at the 
early stage of design process in order to produce 
product that satisfies customer’s requirements. Recent 
study by Akmal and Batres [1] shows that the most 
critical factor in determining success of a design 
process is the accurate information about products 
and processes at the early stage of design process. 
Therefore, the development process of automotive 
components always requires the consideration of 
presenting the user’srequirements with necessary 
knowledge and information into a standard 
representation to ensure knowledge sharing and 
reuse. 

Eliciting accurate information about automotive 
product is very critical due to the integration of 
variety of heterogeneous product knowledge models 
that describes a team differently. The novice 
designers faced many challenges to elicit accurate 
automotive products requirements especially when 
such requirements for developing the optimum 
solutions are represented in natural language. The use 
of natural language to represent requirements in a 
standard representation tends to be time-consuming 
and error-prone. It also leads to ambiguity.   
Therefore, the key success in developing automotive 
products requirements lies on a well-defined 
taxonomy that can support the reuse of knowledge 
and information and efficient access to elicit data 
[2][3]. 
Extensive research has been conducted in developing 
a common understanding of knowledge and 
information of automotive parts [4][3][5][6]. 
Ontology is used to formalize knowledge 
representation in automotive domain to the computer 
representation. Several methods have proposed 
ontology in automotive domain, but none is capable 
to provide a systematic method to develop the class 
taxonomy.  
In previous studies, such as [1][7][8], formal concept 
analysis (FCA) is proposed to overcome the 
challenge of ontology in which the class hierarchy is 
developed in ad-hoc manner. However, the approach 
lacks of systematic guidelines to identify the formal 
attributes. In this paper, we use a Formal Attribution 
Specification Template (FAST) to identify the formal 
attribute.  It is a set of criteria to characterize the 
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products and processes. The results of this approach 
is a set of formal attributes that can be used in FCA to 
generate the class taxonomy.   
The reminder of this paper is organized as follows. 
Section 2 introduces a general background on 
previous research on ontology and formal concept 
analysis. Section 3 puts forward FAST and the 
application of FAST is described in Section 4. The 
last section makes some concluding remarks and puts 
forward some valuable directions in future. 

 
II. BACKGROUND 
 
2.1. Ontology  
Ontology is one of the examples of the computer 
representation process, which captures the semantic 
of thing represented in its domain [7]. Ontologies are 
useful for knowledge representation and sharing, 
automated reasoning and human-machine interfaces 
[7][8]. In general, a domain ontology is composed of 
classes, relations and axioms [9]. A class represents a 
set of things that shares the same attributes. A relation 
is a tuple that indicates a relationship between two or 
more things. Examples of relations are “less than,” 
“connected to” and “part of.” In particular, the 
subclass relation is defined for organizing classes in 
the form of a class hierarchy. Axioms are typically 
represented as logical constructions that serve as 
formal definitions of a given class. 
 
2.1. Formal Concept Analysis 
Formal Concept Analysis (FCA) can be used to 
design taxonomy from a list of potential classes and 
their respective attributes. FCA is an analysis 
technique for information processing based on 
applied lattice and order theory that can be used to 
generate taxonomies [8], is selected as the lattice 
generator. 
In order to construct the lattice, FCA requires 
information to be organized in a so-called formal 
context. A formal context is defined as a set K□(∶=) 
〈O,A,Y〉, where O is a set whose elements are called 
formal objects, A is a set whose elements are called 
formal attributes, and Y is an incidence relation. The 
relation Y is defined for all pairs 〈o,a〉ϵ Y such that 
formal object o  as formal attribute o as in (car, has 
wheels). 

Table1.  A context table 

 

Formal context are typically represented as an 
incidence referred to a context table as shown in 
Table 1. In either case, the formal objects are listed in 
the rows and the formal attributes in the columns of 
the context table. If a formal object has an attribute, a 
checkmark is inserted in that cell. Alternatively, a 
formal context can be represented by an incidence 
matrix, by replacing the checkmarks with 1s and 
empty cells with 0s. In the proposed methodology, 
the potential classes are considered as formal objects, 
and the information obtained using FAST is 
considered as attributes. 
 
A formal concept is defined as the pair  ii AO , such 
that:  
1. OOi  , AAi  ,  

2. Every object in   has every attribute in iO . 

Conversely, iA is the set of attributes shared 

by all the objects in iO , 

3. For every object in O that is not in iO , there 

is an attribute in iA that the object does not 
have,  

4. For every attribute in A that is not in iA , 

there is an object in iO  that does not have 
that attribute. 

 
Formal concepts can be partially ordered into a 
lattice, such that a concept is a sub-concept of another 
concept:  jjii AOAO ,, iff ji AA   .Several 
lattice-construction algorithms have been proposed. 
Lattices in this research were generated by means of 
the Grail algorithm (9), which is implemented in the 
software Concept Explorer. When the lattice has been 
obtained, it can be visualized and analyzed. In these 
algorithms, operations are applied to identify the 
concepts that can be obtained by the intersection of 
others.  
In FCA, a lattice also serves as a visual aid that helps 
to explain the relations between the formal concepts. 
The lattice provides the transparency of the different 
meanings of concept lattice. For example, the lattice 
can be viewed as a hierarchical classification of the 
objects and representation of all attributes 
implications. 
From a concept lattice, the set of formal objects of a 
concept can be obtained by following all the paths 
that lead down from that concept. For example, the 
objects of c3 in Figure 1 are {ob1, ob3}. Conversely, 
to obtain the set of formal attributes of aconcept, we 
trace all the paths that lead up from thatconcept. For 
example, the formal attributes of c7 are {att1, att3, 
att4}. 
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As a result, an edge in the lattice means that a concept 
is a sub-concept of another concept (super-concept ― 
sub-concept relation). The super-concept and sub-
concept relation is transitive. Consequently, if a node 
A is a sub-concept of B, and B is also a sub-concept 
of C, A is a sub-concept of C. This means that a sub-
concept inherits all the attributes from all its super-
concepts. 
The original formal context is not guaranteed to be 
complete. Therefore, approaches are needed for 
improving the lattice. One of such approaches is the 
so-called object exploration. According to Stumme 
[10] object exploration is a “structured 
brainstorming” that consists of suggesting 
implications to the lattice-designer and then 
evaluating the validity of each implication. If a given 
implication is found to be incorrect, the lattice-
designer determines the attributes that are needed in 
order to distinguish the conflicting objects. This 
approach assumes that all objects of the context are 
given, but the set of attributes is incomplete. 
 
III. METHODS 
 
We have developed a new approach to help the 
elicitation of accurate automotive requirements. This 
work is an extension to our previous work [8]. The 
focus of this work is on the categorization of 
requirements, which we define as the attribute of 
products and processes. 
Therefore, a Formal Attribute Specification Template 
for identifying the formal attributes that can be used 
in FCA to generate the class taxonomy is developed. 
Also, FAST is a systematic guideline to characterize 
the classes of products and processes and represents 

 
Figure 2: FAST 

 
the relationship between the products and processes. 
The attributes were identified by characterizing the 
process or processes in which the product participates 
and its composition. In this work, the product is 
referred as the physical object. Figure 2 shows an 
outline ofthe attribute of specification template. For 
example, the formal attribute identification of a 
bumper starts by analyzing its main process 
associated to it, involved in preventing damage. 
Collision is always involved as a part in the 
preventing damage process in which the bumper is 
involved in using a driver to performthe collision. 
The object that is transformed during the collision are 
non-metal part, which is located at front and rear 
structure. The object that is produced is damaged 
part. Thus the attributes ofthe bumper become: 
involved in presenting damage, non-metal part, 
located at the front and rear structure, produces 
damaged part and collision. Therefore, FAST has the 
following characteristics that is required for 
describing a product: 
1.   the classes of objects that compose the product 
(the product parts) 
2. the classes of places where the product is required 
to be  
3. the classes of process in which the product 
participates 
 
IV. RESULTS AND DISCUSSION 
 
To illustrate our method, we focus on identifying the 
attributes for automotive parts. In this paper, we focus 
on the car engine. 
The list of potential classes was extracted from latest 
technologies of engine’s components in journals, 
internet resources and technical reports. Several 
common textbooks and internet sources were 
consulted to define each class in natural language. 
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Several kinds of consumers’ cars exist including 
sedan, sport utility vehicles (SUV) and multi-purpose 
vehicles (MPV). In this paper, the scope of this 
attributes is limited to sedan cars.  
For the preparation of the context table, the attribute 
information was obtained using FAST. The attributes 
were selected by investigating the process or 
processes in which the product participates or is 
involved. Each process was described according to 
the process characterization explained in Section 3.0. 
For example, the formal attribute identification of 
engine block starts by analyzing its main process 
associated to it, which is involved in reacting 

combustible air-fuel mixture. In order to allow the 
reaction, it consumes air-fuel mixture, provides a 
space for the engine components in the engine of a 
car. As the result of combustible air-fuel mixture 
reaction, a high pressure is produced. Therefore, the 
formal attributes of engine block are involved in 
reacting combustible air-fuel mixture, consumes air-
fuel mixture, provides a space for engine 
components, engine and produces high pressure.  
Table 2 summarizes the potential classes and their 
formal attributes in which the first column is refer to 
the potential classes. Due to limited space, only a few 
components are listed. 

 
Table2.  Potential Classes Formal Attributes 

 
 
All attribute information obtained and combination 
with FCA can be further used to develop a class 
hierarchy. Using the attribute information obtained in 
previous step, a context table was created. A main 
factor in the approach is the application of FCA that 
can be used to design a taxonomy from a list of 
potential classes and their respective attributes. In 
FCA, the information was organized in terms of a set 
of formal objects O, a set of formal attributes A and a 
set of binary relations between them. For our purpose, 
the objects represent the potential classes.  
The information about these three sets are typically 
summarized by a context table as shown in Table 3. 
In the context table, the objects are listed in the first 

column and the attributes in the first row of the table. 
From an information modelling point of view, we can 
allocate multiple attributes to each object in the table. 
Thus, the selection of attributes in context table plays 
an important role because the development of the 
context table has a large degree of freedom. Then, the 
subsequent visualization of the taxonomy, which is 
the lattice were carried out using Concept Explorer 
([1] that uses a Grail algorithm [9]. In the lattice, the 
components of the engine are in white boxes and can 
be traced to their attributes represented by the solid 
lines as shown in Figure 3. By generating this lattice, 
the relationofclasses and their shared attributes are 
clearer to be analyzed and identified. 
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Figure 3. The context table 

CONCLUSIONS 
 
This paper presented FAST to determine the formal 
attributes that can later be used in the FCA. 
Theproposed approach gives more freedom. One of 
the comments and suggestions is theimportance to 
include the latest and upcoming key technologies 
developmentof concept lattice. Currently, most of the 
components are common and generic. Therefore, 
future work isneeded to determine specific and details 
components that are parallel to the upcoming 
production technologies is technologies. Further, the 
obtained formal attribute information needs a 
validation process in order to know “how true” are 
our data. For this purpose, several human experts  

were approached in which most of them are engineers 
in local automotive industry and the results are 
distributed in the among them. 
Subsequently, several information from official 
website of car manufacturers such as Honda, Nissan, 
KIA and Toyota are collected. For example blind spot 
warning detector, active ride controller, active engine 
brake, active trace control and lane departure 
warning. Once the formal object and formal attributes 
are obtained, they can be partially order into a lattice 
which is represent the taxonomy.Also, we are 
planning to conduct a quantitativeanalysis on the 
collected data. 
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Figure 4. The concept lattice 
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