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In this paper, we propose an approach to representing knowledge from Graph
Theory—specifically graph properties—within an ontology. The construction of this
ontology consists of a single stage, namely the organization of knowledge using Protégé
5.2, in order to fully exploit the semantics of these concepts.
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1. INTRODUCTION

Doubtless, Graph Theory is considered as one of the most growing areas of mathematics owing to its successful
applications in diverse fields. In graph theory, a graph is known as a set of points (vertices) lied by lines (edges). It
can be used as a mapping to represent concrete situations and problems visually. The graph permits to describe the
operation of a system with a certain level of details to solve a real problem. Thus, concepts of graph theory are widely
used in numerous fields such as Chemistry, Biology, Computer Science, Operations Research, Pure Mathematics, etc.
[1-5].

Every graph could have many properties like connectedness, regularity, bipartition, triangle-free, even, order,
planarity, hamiltonicity, possessing a k-factor, vertex-transitivity, etc. and each of these properties generates a class
of graphs. Recognizing whether a graph has or does not have certain properties could have a significant importance.
That is because it may facilitate the study of a given problem in the represented system. For example, the perfect
matching property (1-factor) plays an important role in assignment problem or in detecting kekulé structures of a
molecule graph [6], where vertex-transitive graphs are well known in Interconnection networks [7] and median
graphs are related to location theory [8].

Actually, a recognition problem may not be easy since some of these problems such as hamiltonicity are known to be
NP-complete. These problems may require an exponential algorithmic time to decide, for a given graph, if it has such

property.

A natural way to avoid this issue is one has to use the anterior knowledge of properties s/he has on this graph and on
the relations between them. For example, if is known that a given graph is 1-connected (vertex-connectivity=1), one
can use this knowledge to deduce immediately that this graph is not hamiltonian. S/he can also deduce that a graph
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has a 1-factor if s/he knows that it is regular and bipartite.

Therefore, constructing an ontology to represent graph properties and relations between these properties may be
very useful for graph theory community, since it allows to deduce rapidly properties from other ones, and exploit fully
the semantics and provide a common understanding of knowledge of this field.

In this paper, a domain ontology is presented and baptised Ontology for Graph Properties (OfGP). This ontology
deals with graph theory field and, more specifically, deals with properties of graphs. The checked literature, shows
that our is the first one in this area.

The remainder of this paper is structured as follows: Section 2 briefly deals with previous related work. Section 3
presents our contribution. In section 4, Ontology engineering and conceptual modelling paradigms, and then a
detailed description of our ontology are provided. In Section 5, an experimental evaluation of the performance of our
ontology is presented. Finally, the conclusions are also provided.

2. RELATED WORKS

Mathematical Knowledge Management (MKM)[9, 13, 14] is an active area of research, which is growing very rapidly.
Michael Kohlhase, the author of [12] considers MKM as a new area of research that belongs to the intersection of
many domains such as Mathematics, Artificial Intelligence, Computer Science, Library Science and Scientific
Publishing.

In the literatures [9-12], principal challenges of Mathematical Knowledge Management (MKM) are discussed. Among
these challenges one cites:

« Implementation of Digital Mathematics Libraries [15];

« Creation of systems for modern symbolic computation;

« Mathematical search and retrieval [16] ;

« Ontologies and languages for mathematical knowledge representation.

The most relevant previous works to this last challenge were summarized by Lange in [11]. This includes services,
ontological models and languages for mathematical knowledge management on the Semantic Web and beyond.

However, we can notice that this knowledge base cannot represent the semantic aspect of these classes and
relationships between them.

We can overcome this limit by using an ontology in addition to a knowledge base system, since the former can
integrate semantic data and communication between heterogeneous systems. For more details about the difference
between knowledge base and ontology, we refer the reader to this papers [24-26].

With regard to the field of Graph theory, we can notice that the existing ontologies in the literature review presents
some of its concepts. However, It has no interest in graph properties since it presents only some generalities like
Graph and Connected graph, which have been considered as subclasses of Set.

It is in this context that the current work is part of. The fact that in the literature, too little attention has been devoted
to the field of Graph theory and more specifically, the automatic representation of graph properties or graph classes,
encourages us to develop the domain Ontology for Graph Properties.

3. OUR CONTRIBUTION

The importance and the difficulty to recognize whether a graph has or not certain properties motivate us to propose
another approach for addressing this challenge. The main contributions of the present work is to build a Graph
properties ontology.

As we have previously mentioned in the introduction and to the best of our knowledge, there is no serious efforts to
build an ontology for Graph Properties( a detailed description of our ontology that we called it OfGP is presented in

t http://www.mkm-ig.org/

Copyright © 2024 by Author/s and Licensed by J[ISEM. This is an open access article distributed under the Creative Commons Attribution License 474

which permitsunrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



Journal of Information Systems Engineering and Management
2025, 10(58s)

e-ISSN: 2468-4376

https://www.jisem-journal.com/ Research Article

section 4. The process of building this ontology is a long-term undertaking that requires concerted and
multidisciplinary efforts.

The semantics of our concepts are formed by using both classical mathematical publications and electronic resources
such as the survey of Andreas Brabdstadt et al [40] and ISGC.

ENGINEERING THE "OFGP" ONTOLOGY

Building an ontology is not something easy, it requires a thorough jobs analysis and understanding of the field and
domain users. To build the good ontology, we must carefully choose the methodology we follow in the ontology
development process. In the literature [41-44], we can find a lot of methodologies such as the On-To-Knowledge
methodology [45], Waterfall methodology [46], Gruninger’s methodology [43], the SENSUS methodology [47],
Ontology Development 101 [48], and an METHONTOLOGY methodology [49], however, these methodologies are
limited to case studies of the building of a specific ontology, or limited to a particular project. The authors of [ 47, 50]
summarized and compared the main useful ontology design methodologies.

We choose the METHONTOLOGY method to develop OfGP because it depends on its application to apply on "logical
descriptive" criteria for the concepts under study and due to its extensibility and high modularity [49].

This section describes briefly the steps for building our ontology.
4.1 Specification of the ontology OfGP

In this phase, we produce an informal ontology specification document, It is written in natural language.
METHONTOLOGY proposes that at least some of the following information must be included in this document: the
purpose of the ontology, level of formality of the implemented ontology and the scope, etc. Figure 1 illustrates a part
from this specification.

Ontology requirement specification document

Domain: Graph Theory

Name: OfGP( Ontology for Graph Properties)

Date: May, 15th 2017

Purpose: Ontology for Graph theory substances to be used when information about
graph properties is required in teaching, manufacturing, analysis, etc. This ontology could
be used to ascertain, e.g., the complete graph is a connected graph, and we can use OfGP
by ontology-based Graph Editor.

Level of Formality: Semi-formal.

Scope: The ontology has to cover a set of core concepts from the domain of Graph The-
ory (List of 390 elements: Multigraph, Simple, Bipartite, Hypercube, Tree, Leaf, Root,
Vertices, Cycle...).

Implementation language: The ontology is implemented in OWL2 using Protégé and
the Pellet reasoner.

Sources of Knowledge: Book, internet, and Graph Theory experts.

Figure 1. Ontology requirement specification in the domain of graph
4.2 Conceptualization of our ’'OfGP’ ontology

In this step, the Graph Theory( graph properties) knowledge is structured in a conceptual model that describes the
problem and its solutions in term of a domain vocabulary which is identified in the ontology specification activity.
The first step is to build a complete Glossary of Terms, it includes concepts, instances, verbs, and properties.

4.2.1 Construction of Glossary Terms and Extraction of relations for Graph Classes

This glossary contains definitions of the most used terms related to Graph Theory domain (concepts, attributes,
relations, etc.) (see Table 1) that will be represented in the final ontology. Basic terms are extracted from these books:

« "Graph Theory (Graduate Texts in Mathematics)" by Bondy and Murty [53];
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at http://diestel-graph-theory.com;

« "Graph Theory: Penn State Math 485 Lecture Notes" by Griffin [55];

« "Introduction to graph theory" by West et all [56];

« "Introduction to graph theory" by Chartrand [57];

« "Graph theory and its applications" by Gross and Yellen [58];

« "Graph classes: a survey" survey of Andreas Brabdstadt et al [40];

« "The Interval Function of a Graph" by Mulder [59].

Note that, many other references [59-76] have been used to enrich this ontology.

Concept Definition

Graph A graph G is an ordered pair (V, E) consisting of a set V(G) of vertices and a set E(G), disjoint
from V(G), of edges [53].

Multigraph A graph G = (V,E) is a multigraph if there are two edges e; and e, in E such that e; = e, =
{171, 172} [55]-

Simple A graph that is not a multigraph and doesn’t contain any loops.

Complete A complete graph is a simple graph in which any two vertices are adjacent (joined by an edge)
[53].

Connected A graph is connected if, for every partition of its vertex set into two non empty sets X and Y,
there is an edge with one end in X and one end in Y [53].

Regular A graph G is k—regular if d(v) = kVv € V(G); a regular graph is one that is k—regular for some
k [53].

Bipartite A graph G = (V, E) is bipartite if its vertex set V can be partitioned into 2 independent sets V;
and V,, such that each edge of E has one end in V; and one end in V.

(0,2)-graph A (0,2)-graph is a connected graph such that any two vertices u and v, have either 0 or 2 common
neighbours [65, 77].

Rectagraph A triangle free (0,2)-graph.

Hypercube A graph G = (V,E) is a hypercube if the node set V consists of the 2" n-dimensional boolean
vectors, i.e., vectors with binary coordinates o or 1, where two nodes are adjacent whenever they|
differ in exactly one coordinate. [65, 78].

Median A graph G = (V,E) is median if for all vertices x, y, z: [(x,y) N I(x,z) N I(y,z) = 1[72, 79, 80].

/Antipodal A graph G = (V, E) such that, for each vertex u there exist a unique vertex u such that I(u,v) =
V.

Diametral A graph G = (V, E) such that, for each vertex u there exist a unique vertex u such that d(u, v) =
Diam(G).

Connectd A d-regular graph G such that k(G) = d

Tree A connected graph that doesn’t contain any cycles.

Diamd A regular graph such that the diameter is equal to the degree.
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Spherical A graph such that in each interval I(u, v) and fi=or each w € I(u, v), there exist a unique vertex
w in I(u, v) such that d(w, w) = d(u, v).

Class6 A graph such that vu,v € V(G), |N; (u,v)| = d(u, v).

Dist-Regular Distance-Regular graph (see [?] for the definition).

Table 1. An excerpt of the Glossary of Terms of the OfGP ontology

Where

« G = (V,E)is agraph;

« n = |V] is its number of vertices or its order;

«m = |E| is its number of edges or its size;

« d(u) or degree of the vertex u denotes the number of edges that have u as extremity;

« the distance d(u, v), denotes the length of the shortest path between two vertices u and v;

« the diameter Diam(G) = maxd (u, v)

« the interval I(u, v) denotes the set of vertices that belong to a shortest (u, v)-path;

 N; (u, v) denotes the number of neighbours of the vertex u in the interval I(u, v);

« the connectivity of a connected graph x(G) is the minimum number of vertices that deletion deconnect G.
4.2.2 Construction of taxonomy

We create a taxonomy of OfGP ontology, in order to structure the Knowledge of Graph Theory domain. This is a
classification of information entities in the form of a hierarchy according to the presumed relationships of the Graph
Theory concepts that are presented in glossary terms. Furthermore, the classification is based on the similarities of
the information entities called concepts. This part of taxonomy represents the structure of the OfGP ontology in the

next figure.
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Figure 2. Part of knowledge Taxonomy of OfGP ontology
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4.2.3 Construction of the concept dictionary

A dictionary of concepts contains all domain concepts. For each concept, we will define the attributes, parents and
relationships. The following table shows an excerpt from the dictionary of the concepts of OfGP ontology.

Concept ConceptID ParentID | attributes Relation
Graph Graph Thing name Has vertices
ordre Has edges
size Has path
nb chromatique Has cycle
index chromatique
radius
Simple Simple Proprieties | nb of loop
coloration
Hamiltonian | Hamiltonian | Proprieties Has Hamilton cycle

Table 2. Extract from the original concepts table
4.2.4 Construction of the binary relations table

For each relationship used in the OfGP ontology, we define the relation name, name of potential relations
(Relation)(Table 3), the concepts they link (Domain and Range), and a natural language definition of the notion
behind the relation to try to capture their intension (Natural Language Definition).

Relation RelationID Domain Range
Has Hamilton cycle Has_ Hamilton _cycle Hamilton Hamilton_ cycle
Has arc Has_arc Directed_Graph | Arcs

Table 3. Extract from the original relations table

Currently, the OfGP ontology has 390 concepts and 32 relation-types. It grows as we reuse knowledge since we need
to specify new relations.

4.2.5 Construction of the table of attributes

Attributes are properties that take their values in the predefined types (String, Integer, Boolean, Date ...). For each
attribute we specify: name, type, cardinality, and default value (see Table 4).

Attribute | Type of | Card(min/max) | default
value value

Name String 1.n -

Size Integer 1...1 -

Ordre Integer 1.1 -
Chromatic | Integer 1...1 -
number

Orientation | Boolean 1.1 -

Table 4. Extract from the original attributes table
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4.2.7 Construction of instances table

The instances or individuals are the “ground-level” components of an ontology, which represents a concrete concept
occurrence of a class. For each instance in OfGP Must be specified each name, its attributes and values that are
associated to it. Table 6 illustrates some instances created in this OfGP ontology. As an example in this ontology, we
have an Tutte 12-cage instance, it is specifc type of graph classes. The Tutte 12-cage is Regular, Cubic, Cage,
Hamiltonian, Connected and Bipartite graph with 126 vertices and 189 edges.

Name instances Concept Attributes Values
12-cage_of Tutte Regular name 12-cage of Tutte
Cage size 189
Bipartite order 126
Hamiltonian orientation False
Regular chromatic number 2
Connected chromatic index 3
diameter 6
radius 6
automorphism 12096
girth 12
k _regular 3
k_connected 3
54-graph_of_Ellingham_Horton |Cubic name 54-graph of Ellingham Horton
Regular size 81
order 54
orientation False
chromatic number 2
chromatic index 3
diameter 10
radius 9
automorphism 32
girth 6
k _regular 3
k_connected 3
Isolated-vertex Vertex name Isolated vertex
degree 0
coloration -

Table 5. Extract from the original instances table
In this ontology we have defined 100 instances.
4.3 Implementation of OfGP with the Web Semantic Technologies

We have implemented the Graph Properties and their relationships (OfGP ontology) with Protégé [52] in order to:
visualize, validate and build our ontology in the OWL language in conformity with the W3C recommendations.

OfGP provides an integrated conceptual model for sharing information related to Graph Theory concepts. An OWL
property is a binary relation to relate an OWL Class (Concept in OfGP) to another one or to RDF literals and XML
Schema data types. For example, the Has_cycle Object property relates the Graph class to the Properties class.
Described by these formal, explicit and rich semantics, the domain concept of Properties, its properties and
relationships with other concepts can be queried, reasoned or mapped to support the Knowledge sharing across the
Graph Editor. The following figures( Figure 3, Figure 4) represent the implementation of our ontology in Protégé.
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Ontology in Protégé can be exported to different formats. We used protégé 5 to export the ontology to OWL that file

called ‘OfGP.owl’. This file contains the full description of our ontology.
4. EVALUATION

After finishing the implementation of our Graph Properties ontology, this section evaluates OfGP regarding all
(no—functional requirements and functional requirements) and the ontology requirements specification document.
Ontology evaluation means taking into consideration that guarantees the stability and accuracy of the ontology.
Evaluation of the ontology avoids concept duplication, excessiveness and inconsistent relationships to create a better
understanding. We execute the verification using protégé debugger. This debugger uses many reasoners to verify the
ontology like HermiT, Pellet, Fact++, Racer, and Ontop. The ontology can be sent to the reasoner to automatically
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compute the classification hierarchy, and also to check the logical consistency of the ontology. In Protégé 5, the
manually constructed class hierarchy is called the asserted hierarchy. The class hierarchy that is automatically
computed by the reasoner is called the inferred hierarchy. To automatically classify the ontology (and check for
inconsistencies) the ‘Classify’ action should be used. The verification of our OfGP ontology presents positive result,
we note that no suggestion is produced by reasoning and that "hierarchy Class" and "Class hierarchy inferred" are
identical; that is to say, OfGP is consistent and coherent. Figure 5 illustrates the obtained results.
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Figure 5. Checking the classification of the OfGP otology
5. CONCLUSION

In this article, we have presented our approach for classification of knowledge to build an ontology for Graph
Properties (Classes) domain. The first step in the process is about the knowledge identification and specification of
concepts, attributes and their relations in order to build the ontology called OfGP. This knowledge representation
must be validated by graph theoretic experts before the creation of a typology and a taxonomy.

The OfGP ontology allows users to better understand the properties of a given graph, which favors interoperability of
data, research, information retrieval, and automated inference of properties. It also favors the formalization and the
sharing of knowledge by using semantic web technologies.
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