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Abstract
【Purpose】Based on formal concept analysis theory, this study explores and pro-
poses a method for constructing product domain ontologies by reusing product
classifications, improving upon previous methods for constructing product do-
main ontologies through classification reuse. 【Method】Classes, attributes, and
relationships are extracted from product classifications, their structure is reason-
ably adjusted, formal context and concept lattice are generated based on formal
concept analysis theory, and product domain ontologies are automatically gen-
erated from this foundation. 【Results】The proposed method eliminates the
limitation of unclear hierarchies inherent in product classifications, can resolve
redundancy issues among attributes defined in product classifications, enhances
ontology reusability and shareability, and presents existing and potential enti-
ties and relationships in a visual form.【Limitations】Only a fragment of medical
product construction is selected to illustrate the specific implementation of the
method, and only the applicability of the method to the eCl@ss product classi-
fication system is discussed. 【Conclusion】Before constructing product domain
ontologies based on formal concept analysis, it is necessary to clearly define the
domain and scope of the ontology, organize and categorize classes according to
scientific classification principles, construct an attribute dictionary and define
object properties during ontology construction, and automatically generate the
ontology through the generation of formal context and concept lattice.
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Abstract

[Objective] This study proposes a method for constructing complex product
classification and product domain ontology based on concept lattice theory, aim-
ing to improve existing product classification and domain ontology construction
methodologies. [Methods] The method extracts class-attribute relationships
from product classifications, adjusts the structure appropriately, generates for-
mal contexts and concept lattices based on concept lattice theory, and automat-
ically constructs product domain ontology. [Results] Our approach improves
the hierarchical structure of product classifications, eliminates attribute redun-
dancy in product classification definitions, enhances ontology reusability and
sharability, and visually presents existing and potential entity relationships.
[Limitations] The study only demonstrates the implementation of the pro-
posed method using a segment of medical product ontology and explores its
flexibility for the eCl@ss product classification system. [Conclusions] When
constructing product domain ontology based on concept lattice, it is essential
to clearly define the ontology’s domain and scope, systematically organize cate-
gories according to scientific classification principles, build a property dictionary,
define object properties, and automatically generate the ontology through for-
mal contexts and concept lattices.

Keywords: Concept Lattice; Domain Ontology; Ontology Construction; Prod-
uct Ontology

1. Introduction

Concept lattices, also known as Galois lattices, were first proposed by Wille
in 1982 [1] and represent the central data structure in formal concept analysis.
Philosophically, a concept comprises two fundamental components: extension
and intension. Building upon this notion, concept lattices formalize philosoph-
ical concepts, where each node represents a formal concept containing two ele-
ments: extension (the set of all instances belonging to the concept) and intension
(the set of attributes shared by all instances) [2]. Additionally, concept lattice
is a lattice structure derived from a partial order relation that explicitly dis-
plays generalization and specialization relationships between concepts. Formal
concepts and their hierarchical relationships collectively constitute a concept
lattice, which is typically visualized using a Hasse diagram—a graphical repre-
sentation of partial order relations that uses directed edges to reflect inclusion
relationships.

Overall, the concept lattice model serves as a powerful tool for data analysis and
knowledge discovery, with current applications spanning ontology engineering,
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data mining, digital library development, and artificial intelligence [3]. Early
ontology construction methods typically relied on manual development by do-
main experts, which was not only costly and time-consuming but also suffered
from poor scalability. Moreover, expert-driven conceptual hierarchies often in-
troduced redundancy [4]. Concept lattice generation fundamentally employs
an instance-attribute-based approach that can automatically map and generate
clear ontology concept hierarchies, providing a foundation for ontology construc-
tion. This method supplements and improves upon formal ontology development
approaches while avoiding conceptual redundancy. Consequently, ontology con-
struction based on concept lattices exhibits strong methodological rigor and
formal semantic completeness, supports intelligent processing of domain texts,
and enhances ontology sharability and reusability.

Given concept lattices’advantages in processing conceptual data, an increasing
number of scholars have applied them to domain ontology construction. These
studies can be divided into two categories: (1) methods generating concept lat-
tices from unstructured data for domain ontology construction, and (2) methods
generating concept lattices from structured data for domain ontology construc-
tion.

The first category typically employs natural language processing techniques to
handle unstructured text (such as web information and documents), extract con-
ceptual hierarchies, and build concept lattices for ontology generation. Haav [5]
proposed a semi-automatic ontology design method using formal concept anal-
ysis, extracting formal contexts from domain texts through natural language
processing, directly mapping formal concepts to ontology concepts, and apply-
ing concept lattice reduction to derive initial ontologies. Building on Haav’s
work, Cimiano et al. [6] mapped formal concept analysis attributes to ontology
concepts, enabling concept lattice construction through natural language anal-
ysis for domain ontology generation. Similarly, Liu and Hu [7] utilized CNKI
full-text journal articles as data sources, combining association rule mining with
formal concept analysis to identify hierarchical relationships between concepts
for information science ontology construction.

The second category relies on structured data sources such as relational
databases, taxonomies, and classification systems. Nanda et al. [8] developed
the PFODM methodology for product metadata ontology, extracting concepts
and attributes from material specifications, generating concept hierarchies
through formal concept analysis, and constructing domain ontologies. Ouyang
et al. [9] proposed an ontology learning method from relational databases,
obtaining formal contexts composed of attributes and domain concepts to
generate concept lattices and subsequently domain ontologies. Additionally,
Teng and Bi [10] used structured heterogeneous resources as a foundation,
integrated domain texts, and merged concept lattices from multiple sources to
build unified domain ontologies.

Analysis of existing research reveals that scholars have introduced concept lat-
tices into domain ontology construction, yielding valuable results. These meth-
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ods leverage concept lattices to extract structured information from both un-
structured and structured data sources, establishing conceptual hierarchies as
the basis for ontology construction. While recent studies have extensively ex-
plored concept lattice generation from unstructured data using natural language
processing and machine learning, research on concept lattice construction from
structured data has primarily focused on relational databases and traditional
knowledge organization systems (e.g., taxonomies and classification schemes).
For product domain ontology construction, classification systems serve as cru-
cial structured resources that can guide the development process [11]. However,
previous ontology construction under classification system guidance relied on
expert judgment for conceptual hierarchy generation, creating an opportunity
to integrate concept lattice theory into product classification-based ontology
development.

Therefore, this study employs concept lattice theory as a foundational method-
ology to explore how product classifications can be reused for product ontology
construction, proposing a more robust product domain ontology construction
method that facilitates effective organization and sharing of product and service
information among enterprises.

3. Product Domain Ontology Construction Process Based on Concept
Lattice Theory

Integrating the principles of the Seven-Step Method [12] and the 骨架法 (Frame-
work Method) [13], this study designs a product domain ontology construction
process as illustrated in [Figure 1: see original paper].

[Figure 1: see original paper] Domain Product Ontology Construction Process

The process comprises two main phases: product classification preprocessing (in-
cluding class/attribute extraction and relationship definition) and concept lat-
tice construction and ontology prototype generation (including formal context
generation, concept lattice construction, and ontology formalization). Specifi-
cally, the methodology follows seven sequential steps:

(1) Product Classification Preprocessing: Extract classes and hierar-
chical relationships from the product classification, clarify generalization,
specialization, part-whole, and aggregation relationships between product
categories, and categorize product attributes as data properties or object
properties in the ontology. Define object properties to establish relation-
ships between classes and attributes.

(2) Formalization of Class-Attribute Relationships: Transform the de-
fined class-attribute relationships into concept-attribute relational tables
to create multi-valued formal contexts, represented as quadruples (G, M,
W, I), where G is the object set, M is the multi-valued attribute set, W is
the attribute value domain, and I is a ternary relation (I � G × M × W).
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(3) Conversion to Single-Valued Formal Context: Since formal concept
analysis requires single-valued contexts, convert multi-valued formal con-
texts to single-valued ones, represented as triples (G, M, I), where G is the
object set, M is the single-valued attribute set, and I is a binary relation
(I � G × M).

(4) Concept Lattice Generation: Utilize the OWLFCAView Protégé plu-
gin [14] to automatically convert single-valued formal contexts into con-
cept lattices required for ontology construction.

(5) Ontology Model Generation: The OWLFCAView plugin transforms
concept lattices into ontology conceptual models, yielding initial ontology
prototypes.

(6) Expert Review and Refinement: Ontology engineers or domain ex-
perts evaluate and iteratively refine the conceptual model until the proto-
type meets requirements.

(7) Formalization and Visualization: Use Protégé to visually model the
refined ontology and generate the final domain product ontology.

4. Case Study: Product Domain Ontology Construction Based on
Concept Lattice

4.1 Product Classification Preprocessing This study employs the eCl@ss
product classification as the data source for ontology construction. eCl@ss is a
German product and service classification standard and one of the most widely
adopted standards for e-commerce environments [15]. The eCl@ss system com-
prises 30 major categories covering approximately 38,000 product classes and
16,000 product attributes, encompassing virtually all currently used products
and services. Specifically, this research utilizes the “Pharmaceutical and Medi-
cal Technology”category (Class 34) from eCl@ss version 8.1 as the foundation
for ontology construction.

Compared to other product classification systems, eCl@ss offers comprehensive
attribute definitions and strong scalability, though its four-level hierarchy limits
scientific rationality. Therefore, during class organization, this study transcends
eCl@ss’s four-level constraint and regroups categories according to scientific clas-
sification principles while preserving the original classification codes to ensure
compatibility.

The overall adjustment approach for the 52 second-level classes under“Pharma-
ceutical and Medical Technology”is illustrated in [Figure 3: see original paper].
The restructuring establishes five main categories: Medicine and Active Sub-
stance, Medical Equipment, Medical Auxiliary Supplies, Parts, and Accessories.
The 52 original second-level classes are merged accordingly, with “parts”and
“accessories”classes extracted to form separate Parts and Accessories categories.

chinarxiv.org/items/chinaxiv-201711.01210 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.01210


Property Definition: In OWL, properties are categorized as data proper-
ties (representing relationships between instances and literal values) and object
properties (representing relationships between instances) [16]. eCl@ss defines
attributes and values for product/service information, providing basic proper-
ties (BSP) and specific properties (SSP). From an ontology perspective, eCl@ss
attributes are exclusively data properties, which can be directly reused. For
example, under Class 34-47 “Medical Auxiliary Supplies,”the subclass 34-47-
01-01“Tongue Depressor”includes manufacturer name, product name, product
version, and material composition attributes, all reusable as data properties in
OWL. Data types should be explicitly defined (boolean, float, int, string) during
property creation.

Object Property Definition: Object properties reflect inter-instance rela-
tionships. eCl@ss defines several relationship types: class-attribute, part-whole,
and accessory-device relationships. This study defines three object properties
as shown in Table 1.

Table 1: Object Property Definitions and Semantics

Relationship Object Property Semantics
Class-attribute has_property A class possesses a

specific attribute
Part-whole is_part_of A class is a

component of
another class

Accessory-device is_accessory_of A class is an
accessory of
another class

For instance,“manufacturer name”and“product name”are attributes of“Tongue
Depressor,”linked via has_property. “Light source”is a part of“Examination
Instrument,”connected through is_part_of. “Pressure plate”is an accessory
of “Small Medical Equipment,”related via is_accessory_of.

4.2 Formal Context Generation and Concept Lattice Construction
In eCl@ss, product and service attributes intersect across categories. To clearly
illustrate class-attribute relationships and avoid redundancy, this study estab-
lishes separate property dictionaries for attributes, parts, and accessories, for-
malized using axioms like “has_property some values from Property.”This
axiom, interpreted as “each class must have at least one specified attribute
from the Property category,”forms the basis for generating formal contexts and
constructing concept lattices using the OWLFCAView Protégé plugin.

Three scenarios are identified for formal context generation:
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1. Product Class-Attribute Relationships: Product classes correspond
to objects in the formal context, attributes correspond to properties, and
the relation indicates class-property possession. For example, under Class
34-34 “Medical Equipment (Devices and Small Medical Equipment),”
all attributes are stored under the “Property”category. The axiom
“has_property some values from Property”establishes relationships
between product classes and their attributes. [Figure 4: see original
paper] illustrates a partial formal context for product class-attribute
relationships, where rows represent classes, columns represent attributes,
and “×”indicates attribute possession. [Figure 5: see original paper]
shows the resulting concept lattice.

2. Product Class-Part Relationships: Product classes correspond to ob-
jects, parts correspond to attributes, with relations indicating component
possession. Under Class 34-34, parts include“light source,”“examination
instrument,”and “transmission medium.”The axiom “has_parts some
values from Parts”generates the formal context shown in [Figure 6: see
original paper] and concept lattice in [Figure 7: see original paper].

3. Product Class-Accessory Relationships: Similar to parts but with
different semantics. Using the axiom “has_accessories some values from
Accessories,”[Figure 8: see original paper] and [Figure 9: see original
paper] present the formal context and concept lattice for accessories.

4.3 Ontology Prototype Generation and Formalization The OWLF-
CAView Protégé plugin converts concept lattices into ontology conceptual mod-
els, producing initial prototypes. After domain expert review and refinement,
Protégé generates the final medical product ontology and corresponding OWL
DL documents. The following XML snippet demonstrates the formalized repre-
sentation:

<?xml version="1.0"?>
<rdf:RDF xmlns:xsp="http://www.owl-ontologies.com/2005/08/07/xsp.owl#"

xmlns:swrlb="http://www.w3.org/2003/11/swrlb#"
xmlns:swrl="http://www.w3.org/2003/11/swrl#"
xmlns:protege="http://protege.stanford.edu/plugins/owl/protege#"
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:xsd="http://www.w3.org/2001/XMLSchema#"
xmlns="http://www.owl-ontologies.com/Ontology1430730323.owl#"
xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#"
xmlns:owl="http://www.w3.org/2002/07/owl#"
xml:base="http://www.owl-ontologies.com/Ontology1430730323.owl">

<owl:Ontology rdf:about=""/>
<owl:Class rdf:ID="Tongue_depressor">

<rdfs:subClassOf>
<owl:Restriction>

<owl:someValuesFrom>
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<owl:Class rdf:ID="Examination_or_measuring_instrument"/>
</owl:someValuesFrom>
<owl:onProperty>

<owl:ObjectProperty rdf:ID="is_accessory_of"/>
</owl:onProperty>

</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf>

<owl:Restriction>
<owl:someValuesFrom>

<owl:Class rdf:ID="Diagnostic_instrument_set"/>
</owl:someValuesFrom>
<owl:onProperty rdf:resource="#is_accessory_of"/>

</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf>

<owl:Class rdf:ID="Accessories"/>
</rdfs:subClassOf>

</owl:Class>
</rdf:RDF>

This snippet formalizes “Tongue Depressor”as a subclass of Accessories and
defines its accessory relationships with“Examination or Measuring Instrument”
and “Diagnostic Instrument Set.”

5. Conclusion

This study explores product ontology construction by reusing product classifi-
cations through concept lattice theory, proposing a robust methodology that
significantly differs from traditional approaches. The method provides a formal
framework integrating concept lattices into the product ontology construction
process, enabling formalized and visualized representation of product/service
information to meet enterprise information management needs.

Key insights include:

1. Domain and Scope Clarification: Clearly defining ontology domain
and scope before construction reduces redundancy. While eCl@ss provides
comprehensive attributes, their cross-category intersections can cause re-
dundancy if directly reused. Defining object properties to link classes with
attribute dictionaries clarifies these relationships.

2. Scientific Classification: Systematically organizing categories accord-
ing to scientific principles improves hierarchical rationality. Despite
eCl@ss’s scalability limitations due to its four-level hierarchy, pre-
construction classification reorganization enhances logical consistency.
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3. Property Dictionary Construction: Building attribute dictionaries
and defining object properties eliminates attribute redundancy. Three
relationship types were identified: class-attribute, class-part, and class-
accessory, each formalized through corresponding object properties.

4. Formal Context and Concept Lattice Generation: This approach
enhances ontology reusability and sharability through formal semantics.
Formal contexts, composed of binary relations between objects and at-
tributes, provide formal information models. Concept lattices, as Hasse
diagrams, visually present entity relationships, overcoming the lack of for-
mal semantics in traditional natural language-based ontology construc-
tion.

Future research directions include: (1) validating the method across different
domains to assess practical applicability; (2) developing product ontology map-
ping methods for heterogeneous ontology integration; and (3) extending the
methodology to other standard product classifications such as UNSPSC and
GPC.
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