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Abstract. The Ontology modularization is an essential field in the ontology 

engineering domain helping to reduce the complexity and the difficulties of 

building, reusing, managing and reasoning on domain ontologies either by ap-

plying partitioning or composition approaches. This paper carries out a survey 

on ontology modularization and presents a modular approach to build criminal 

modular domain ontology (CriMOnto) for modelling the legal norms of the 

Lebanese criminal system. CriMOnto, which will be used later for a legal rea-

soning system, is composed of four independent modules. The modules will be 

combined together to compose the whole ontology. 

Keywords: Ontology modularization, Modular ontology, Ontology composi-

tion, Ontology integration, Ontology reuse, Criminal domain, CriMOnto. 

1 Introduction 

It is commonly known that ontologies aim to capture consensual knowledge of a giv-

en domain in a generic and formal way, to be reused and shared across applications 

and by groups of people [1]. The number of available ontologies has increased con-

siderably in various domains such as bioinformatics, genetics, medicine and law, 

among many others, but they are also becoming larger and more complex to manage 

and reuse [2]. In this context, interest in modularization techniques, as an ontology 

engineering principle, has increased to resolve the problems of reusability, scalability 

and maintenance of ontologies [3]. In addition to this, since the main use of ontolo-

gies is making the intended meaning of a given domain available to all agents, an 

ontology conceptual architecture is required to represent this meaning. According to 

[4], there is a need to modularize the conceptual architecture to represent this intended 

meaning dealing with the complexity of the domain such as heterogeneous knowledge 

with different levels of detail of that knowledge. Therefore, the resulted designed 

ontologies are obtained with a high quality. 
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Our motivation is to build a legal ontology-based system that performs reasoning 

tasks in order to support the lawyers and judges in their decisions, specifically, in the 

criminal domain. Such a system needs a legal domain ontology for modelling the 

legal norms in order to improve the efficiency of reasoning that requires the represen-

tation of the whole semantics of the criminal domain, including well-known proper-

ties such as axioms [5]. In order to reduce the complexity of the building process of 

the criminal domain ontology, to make it as much as possible reusable and able to 

perform efficient reasoning, we propose to modularize it. According to [6], a modular 

ontology usually contains a set of modules (component theories), implemented in 

same or different languages, and a set of semantic relations among those modules. 
These semantic relations are obtained by applying an integration process in order to 

link the ontology modules together. At the end, a criminal modular ontology, named 

CriMOnto, is obtained. Therefore, the resulting structure of CriMOnto is a Modular 

Conceptual Architecture. The domain application of this research is the Lebanese 

criminal system and the Lebanese criminal code is considered as the main textual 

resource since it contains the legal norms of the criminal domain. The main goals of 

this study are: survey the domain of ontology modularization for a better understand-

ing of this domain and then provide a modular conceptual architecture of CriMOnto 
as well as the modular construction process. The global view of this architecture is 

seen as an integration of different ontology modules developed independently.  

The remainder of this paper is organized as follows: In section 2, the ontology 

modularization challenges are outlined. In section 3, the motivation of the study is 

introduced. In section 4 the ontology modularization concept and approaches are in-

vestigated. Section 5 defines the modular architecture of CriMOnto as well as the 

integration process. The work is evaluated in section 6. Finally, section 7 concludes 

the paper. 

2 Ontology Modularization Challenges 

Ontology modularization and the problem of formally characterizing a modular repre-

sentation for ontologies are great challenges in the ontological engineering domain. 

Actually, this domain suffers from lack of the modularization theory which uncovers 

number of unanswered questions [7] [8]: 
• How complex ontologies can be built up from parts? 

• In what ways can those parts be related (mapping, integration)? 

• How the structure of a modular ontology can be represented? 

• to create an ontology module with a certain purpose or use-case in mind: 

o Which modularity type of module is defined? 

These questions declare various aspects such as: define a modularization approach, 

precise the modules types and define an integration process for combining modules. 

By giving answers to these questions, a modular architecture for CriMOnto is intro-

duced. 
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3 Study Motivation 

According to [3], most of the existent ontologies, even if they implicitly relate several 

sub-domains, are not structured in a modular way. In the other hand, several works 

tend to combine different ontologies together, such as [9] and [10], implicitly without 

the explicit definition of ontology modularization concept. For [11], in any realistic 

application, it is often desirable to integrate different ontologies, developed inde-

pendently, into a single, reconciled ontology. This would allow for the modular de-

sign of large ontologies and would facilitate knowledge reuse tasks. Thus, there is no 

universal way to modularize ontologies and that the choice of a particular technique 

should be guided by the requirements of the considered application [3]. Therefore, an 

approach aims at designing a modular architecture as well as an incremental process 

allowing a collaborative building of CriMOnto. The main features of CriMOnto are: it 

is composed of four independently developed ontology modules. These modules are 

obtained from different and heterogeneous sources (partial reuse of existent ontolo-

gies and semi-automatic extraction mechanisms from textual resources). CriMOnto is 

empowered with an integration process to combine the different modules. 

4 Ontology Modularization 

The main idea of modularization originates from the general notion of modular soft-

ware in the area of software engineering [12]. In software engineering domain, the 

modularity is a well-established notion where it refers to a way of designing software 

in a clear, well-structured way that supports maintenance and reusability [13]. How-

ever, in the ontology engineering domain, the notion of modularization and the prob-

lem of formally characterizing a modular representation for ontologies are not as well 

understood [14], which causes suffer in the existing work and prevents further devel-

opment [3]. Despite this vagueness, ontology modularization is considered as a major 
topic in the field of formal ontology developments and a way to facilitate and simplify 

the ontology engineering process [7]. Moreover, ontology modularization has several 

benefits where modular representations are easier to understand, reason with, extend 

and reuse [13]. Therefore, using these representations tends to reduce the complexity 

of designing and to facilitate the ontology reasoning, development, and integration. 

4.1 What is an Ontology Module? 

Generally speaking, a module is a part of a complex system that functions inde-

pendently from this system [15]. In contrast to the software engineering domain, the 

notion of ontology module is not clear or understood in the domain of ontological 

engineering [16]. There is a need to formalize and define an ontology module, par-

ticularly in terms of its requirements [17]. For [18], ontology module is considered as 

extractable part that can be reused outside the context of the general ontology. More 

clearly, an ontology module is defined by [16] as “An ontology module is a reusable 

component of a larger or more complex ontology, which is self-contained but bears a 

definite relationship to other ontology modules including the original ontology”. This 
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definition implies that ontology modules can be reused either as they are, or by ex-

tending them with new concepts, and relationships. Each ontology module is consid-

ered as ontology itself since it can be extended with new concepts and relationships. 

Thereby, ontology modules are themselves ontologies [12].   

4.2 Ontology Module Criteria 

The criteria of ontology modules generally aim at characterizing modular ontologies 

in order to evaluate the quality of modules [4]. Generally, inspired by the software 

engineering domain, three main criteria a module should fulfill: self-contained, loose 

coupling and high cohesion [19] [20]. Therefore, in the ontological engineering do-

main, some studies, such as [21], [22] and [23], believe that modularization criteria 

should be defined in terms of the applications for which the modules are created. 

They defined some ontology module criteria such as: Encapsulation, Independence 

and Domain coverage. 

4.3 Ontology Module Classifications 

In the literature, the authors of [24] proposed to analyze modules by taking as central 

the following question: modules for what? Based on this question, various classifica-

tions of ontology modules are proposed such as [8], [25], [26], and [27]. Meanwhile, 

the most useful classification of ontology modules is based on their content where the 

ontologies are classified into five main categories [28], [29] and [30]: 

 Generic, or top-level, ontologies: describe generic concepts independently of a 

particular domain or problem. 

 Core ontologies: in contrast to generic ontologies that span across many fields, 

core ontologies describe the basic categories within a domain such as law. 

 Domain ontologies: specialize a subset of generic ontologies in a domain or sub-

domain, e.g., criminal law. 

 Application or domain-specific ontologies: developed for a specific application. 

4.4 Approaches of Ontology Modularization 

Generally, modularization denotes the possibility to perceive a large knowledge re-

pository as a set of modules, i.e. smaller repositories that, in some way, are parts of 

and compose the whole knowledge [31]. Therefore, an ontological modularization 

process is seen as a call for organizing ontologies into modules which could then be 

reused and combined in novel ways [7]. In the literature, three different approaches of 

ontology modularization are found [17] [12] [3]: ontology composition, ontology 

decomposition and module extraction. In this work, the ontology composition ap-

proach is used. Ontology composition aims to develop independently a set of ontolo-

gy modules and assemble them coherently and uniformly, by means of integrating and 

mapping, to form a wider ontology. Examples of ontology composition approaches 

are, among others, [32], [33], [34] and [35]. 
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5 Application of Ontology Modularization in the Legal Domain: 

CriMOnto 

CriMOnto is a criminal modular domain ontology for modelling the norms of the 

Lebanese criminal system as a domain application for this study. In previous work 

[36], a middle-out approach is proposed for building CriMOnto where the ontology 

modularization techniques are discussed implicitly. In this work, the approach is en-

hanced and explicit modularization techniques are applied for this purpose. The aim 

of this approach is to show how ontology modularization can simplify and reduce the 

complexity of ontology building processes. Therefore, a modular architecture of the 

ontology is outlined by identifying the main modules, their number, type and criteria, 

as well as the knowledge to be represented in each module. Moreover, ontology reuse 

process, which is now one of the important research issues in the ontology field [37], 

is recommended as a key factor to develop cost effective and high quality ontologies. 

Actually, ontology reuse reduces the cost and the time required for building ontolo-

gies from scratch [38], [39] [40]. Moreover, by reusing validated ontology compo-

nents, the quality of the newly implemented ontologies is increased. According to 

[41], there are two main reuse processes: merge and integration. Merge is the process 

of building an ontology in one subject reusing two or more different ontologies on 

that subject. Meanwhile, integration is the process of building an ontology in one 

subject reusing one or more ontologies in different subjects that are maybe related. In 

the current work, the proposed conceptual architecture of CriMOnto is grounded on 

four different level concepts: Upper ontology module (UOM), Core ontology module 

(COM), Domain ontology module (DOM) and Domain-specific ontology module 

(DSOM). The proposed approach is defined by developing the modules independently 

by using top-down and bottom-up strategies and then combining them together to 

compose the whole CriMOnto (see Fig.1) [36]. From this perspective, the different 

modules are in different subjects since they are in different conceptual levels. There-

fore, an integration process is performed to combine them. Inspired by the integration 

methodology of [37], there are list of activities that precede the integration of modules 

into the resulting ontology such as identify the knowledge to be represented in the 

different modules as well as the candidate ontologies to be reused. Therefore, an ana-

lyzing and selection process will take place in order to define the existent ontologies 

to be reused. In the following, these activities are outlined. 

 
Fig.1. Middle-out approach for building CriMOnto. 
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5.1 Upper Ontology Module 

The UOM consists of abstract concepts and relations which are effectively independ-

ent of any specific domain. For a well-founded building of this module, a partial reuse 

of existent foundational, or top-level, ontologies can help. These ontologies are theo-

retically well-founded domain independent systems of categories that have been suc-

cessfully used to improve the quality of conceptual models and semantic interopera-

bility [42]. In addition to this, partial reuse of foundational ontologies can facilitate 

and speeding up the ontology development process by preventing to reinvent the 

wheel concerning basic categories [43]. In the literature, several works seek for reus-

ing concepts from foundational ontologies in order to support in maintaining a well-

structured construction of domain ontologies that could serve as a future reusable 

artifact [44]. Various foundational ontologies exist for reuse such as DOLCE [45] and 

UFO [46]. In this context, a selection for an appropriate foundational ontology is a 

crucial and difficult step since it depends on different elements such as: the purpose of 

building the ontology and the applicability domain. Therefore, after studying the main 

concepts of these foundational ontologies, UFO is the most convenient.  

The unified foundational ontology UFO is a foundational ontology initially pro-

posed by Guizzardi and Wagner [47]. UFO is developed to support the activities of 

both conceptual and organizational modeling [48]. Therefore, UFO permits the build-

ing of an ontology reusing some generic concepts such as category, kind, subkind, 

relator, role and role mixin where the ontologist does not need to rebuild these con-

cepts. UFO is divided into three layered sets: (1) UFO-A, ontology of objects, defines 

terms related to endurants such as universal, relator, role, intrinsic moment; (2) UFO-

B, ontology of events, defines terms related to perdurants such as event, state, atomic 

event, complex event; (3) UFO-C defines terms related to intentional and social enti-

ties including linguistic aspects such as social agent, social object, social role and 

normative description [49]. In the current work, UFO-B and UFO-C are needed to 

ground the criminal domain ontology for building UOM since they define some basic 

concepts for the criminal domain such as Agent, Intentional_Moment, Action, Event, 

and Normative_Description. In order to make possible the activity of conceptual 

modeling via UFO, a conceptual modeling language, named OntoUML [50], was 

proposed. OntoUML uses the ontological constraints of UFO as modeling primitives 

and is specified above the UML 2.0 meta-model [51]. To build, evaluate and imple-

ments OntoUML models, a model-based environment is needed such as the 

standalone tool OLED (OntoUML Lightweight Editor) [52] or the extension of UML 

production-grade tool Enterprise Architect [53]. 

Reusing concepts from UFO-C. There is list of essential concepts in UFO-C to reuse 

for building the upper module, mainly those related to social entities such as Agents 

and Objects [54] (see Fig.2(a)). Agents can be physical (e.g. Person) or social (e.g. 

Organization). Objects are also categorized in physical (e.g. book) and social objects 

(e.g. normative description). Normative_Description defines one or more rules/norms 

recognized by at least one Social_Agent. Regulations and constitutions are examples 

of normative description. In Fig.2 (a), a fragment of the conceptual model of the up-

per module, which is represented in OntoUML language, is depicted.  
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Therefore, for knowledge representation and reasoning capabilities, there is a need 

to transform the conceptual model of the upper module represented in OntoUML 

language to a computational ontology language such as OWL. For this purpose, 

OLED features defined automatic transformations of the OntoUML models to OWL 

files [55] that can be managed using ontology editors such as Protégé (see Fig.2 (b)). 

Reusing concepts from UFO-B. The ontology of perdurants UFO-B defines Event, 

which is a basic concept in the criminal domain (e.g. crime is an event), as a main 

category [54]. In UFO-B, events can be atomic or complex [56] and an Action or Par-

ticipation (Fig.3). Actions are performed by agents and considered as intentional 

events caused by intentions [54]. Participation can be for agents and objects. There-

fore, participation of an agent can be intentional or unintentional.  

 Fig.2. Fragment of the upper module in OntoUML (a) and Protégé (b). 

 
Fig. 3 Fragment of the upper module in OntoUML. 
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5.2 Core Ontology Module 

The COM consists of concepts and relations that are common across the domains of 

law and can provide the basis for specialization into domain and domain-specific 

concepts. The same perspective can be applied, as for upper module, for reusing ex-

istent legal core ontology to build this module. Thus, it is not easy to define appropri-

ate legal core ontology among the existent (LKIF-Core, LRI-Core, and FOLAW). 

Actually, LKIF-Core [57] is the most recent legal-core ontology and contains essen-

tial legal concepts such as Medium, Document, Legal_Source, Legal_Document, and 

Code (see Fig.4).  

 
Fig.4. Excerpt of core concepts reused from LKIF-Core. 

5.3 Domain Ontology Module 

The DOM is composed of categories that are related mainly to the criminal domain in 

general such as Criminal_Act, Penalty, Misdemeanor, Violation, etc. In order to build 

this module, two main strategies are applied: (1) specialize the concepts and relations 

of the core module; (2) extract the knowledge from textual resources. The strategy of 

specializing the concepts and relations of the core module is applied. Therefore, con-

cepts of the core module such as: Creation, Public_Act, Act_Of_Law, and Reaction 

are specialized in domain concepts such as: Criminal_Act, Punishments and Defence 

(see Fig.5 (a)). For the strategy of extracting the knowledge from textual resources, a 

bottom-up approach is applied as an ontology learning process, with the support of 

NLP techniques, for extracting the main elements of the domain ontology module 
from the English version of the Lebanese criminal code (for more details refer to 

[58]). Examples of extracted concepts are shown in the figure such as Defender, Of-

fender, Accessory, Accomplice, Instigator, Perpetrator and victim (see Fig.5 (b)). 

 

Fig.5. Excerpt of the domain concepts in Protégé. 
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5.4 Domain-Specific Ontology Module 

The DSOM consists of concepts and relations of a specific subject domain such as the 

Lebanese criminal system. Domain-specific ontologies are useful in systems involved 

with reasoning. Thus, they should be at higher level of expressivity, in other words, 

rich in axioms. To build this module, since it is related directly to the Lebanese crimi-

nal system, an ontology learning process is applied on the criminal code in order to 

extract semi-automatically the domain-specific ontology and part of the domain on-

tology module [58]. The bottom-up strategy helped to generate semi-automatically an 

OWL ontology including the basic elements: concepts, instances, taxonomies, rela-

tions and axioms. Unfortunately, some of the generated results were inexpressive and 

thus insufficient for practical use. The resulted ontology module is considered as 

lightweight or semi-formal. Meanwhile, a more expressive ontology is required. For 

this reason and inspired by the work of [59], a reengineering process is applied to 
correct, prune and enrich the extracted ontology and make it more expressive by 

transforming it to heavyweight or axiom-based ontology. In the Fig.6, a fragment of 

the domain-specific module concepts are depicted such as Fi-

ne_Contravention_Penalty and Imprisonment_Contravention_penalty, which are 

specific concepts in the Lebanese criminal code, are considered as sub-concepts of the 

Contravention_Penalty concept of the domain module. 

 

Fig.6. Excerpt of the domain-specific ontology module represented in Protégé. 

5.5 Evaluation and Integration of Ontology Modules 

After building the ontology modules (upper, core, domain and domain-specific), there 

is a need to evaluate them according to the modules criteria in order to compose the 

resulting ontology CriMOnto. Actually, the independent building of the modules 

makes them self-contained and enhances the encapsulation where any changes that 

affect a module will not affect the others. Moreover, the independency leads to make 

them reusable as well. Additionally, each module covers an adequate level of the 

given domain where their integration will create a complete coverage of the Lebanese 

criminal system. Furthermore, an integration process will be applied to aggregate, 

combine, and assemble the modules. Subsequently, in the resulting ontology, regions 

that were taken from the integrated modules can be identified. Moreover, it is essen-

tial to consider heterogeneity resolution and related ontology matching or mapping 

strategies to be an internal part of ontology integration [39]. In this context, list of 

semantic mappings will be created among concepts of the different modules. General-

ly, the mapping concept is defined by [60] as a morphism. Meanwhile, in this study a 

more loosely definition is used based on some works in the literature such as [61] and 

claims such as “simple mappings methods are sufficient and outperform more com-
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plex methods” [62]. For ontology mappings, several studies, such as [63] and [64], 

have proposed a number of specialized semantics. Meanwhile, for other studies, such 

as [65], ontology mappings are represented as OWL2 axioms of the form subClassOf, 

EquivalentClass and DisjointClass [66]. In CriMOnto, the modules are located on 

vertical conceptual levels from general (upper module) to specific (domain-specific 

module). For this reason, the mappings will be based mainly on a parent-child, or 

subsumption, hierarchical relationship [67] and established manually as structural 

axiom of the form subClassOf. Thus, the hierarchical relationship is established 

among the concepts of modules. For this purpose, a linguistic-based matcher, such as 

WordNet, is used to deal with ontology mapping for calculating the similarity values 

between concepts [68]. Then a domain expert, knowledgeable about the semantics of 

legal concepts, validates the proposed mappings. Given two concepts Ci and Cj from 

the modules UOM and COM respectively, if Cj is considered as a subclass of Ci, then 

the subClassOf axiom is added between the two concepts in the resulting ontology. In 

CriMOnto, Event is a general concept from the upper module UOM and Legal_Event 

is a legal concept from the core module COM. Legal_Event is considered as a sub-

class of Event. Thus, the subClassOf axiom is added between them (see Fig. 7). 

 

Fig.7. Hierarchical mapping in Protégé. 

6 Evaluation 

After building CriMOnto, there is a need to evaluate the characteristics and the validi-

ty of the resulting ontology. According to [69], evaluation is required during the 

whole life-cycle of an ontology in order to guarantee that what is built meets the re-

quirements.  

In the literature, various approaches to the evaluation of ontologies have been consid-

ered [75]. They are classified mainly in different levels according to ontology quality 

metrics [76]: lexical and concept/data [77], taxonomic and semantic relations [78], 

context-level [79], application-based [80] and data-driven [81]. The kind and the pur-

pose of the ontology define the evaluation level. Generally, evaluation methods con-

sist of two parts: verification that ensures the ontology is constructed correctly, and 

validation that ensures the ontology represents the real world [70]. For the verifica-

tion, Ontology taxonomy evaluation method is applied manually by domain experts 

while integrating the ontology modules and by using a logic reasoner that checks the 

consistency of the ontology such as Pellet. For the validation, the application-based 

method is applied [71] by adding list of concrete individuals to the ontology. Actual-

ly, CriMOnto is intended to be used for building a rule-based reasoning system com-
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posed of set of formal logic rules. The output of this system will depend mainly on the 

quality of CriMOnto. 

7 Conclusion 

In this work, a modular approach is described to build a criminal domain ontology 

(CriMOnto). In the literature, several works applied implicitly the ontology modulari-

zation such as [72] for the automation domain, [73] for ill-defined domains and [74] 

for the enterprise architecture domain. To the best of our knowledge, there is no 

works in the legal domain that deal explicitly with the ontology modularization for 

building legal domain ontologies. For this purpose, this direction is tracked. The aim 

of this study is to prove how ontology modularization can simplify the development 

of well-founded legal domain ontologies with the support of ontology reuse and inte-

gration. Furthermore, a modular architecture of CriMOnto is outlined. The architec-

ture is composed of four independent ontology modules. The upper and core modules 

are developed by reusing existent foundational and legal core ontologies. Meanwhile, 

the domain and domain-specific are constructed with the support of ontology learning 

process from legal texts. Furthermore, an integration process, based on simple hierar-

chical mappings, is applied to combine the modules in order to compose the whole 

CriMOnto. Finally, this approach is considered as useful track for the ontologists who 

seek to build domain ontologies based on existent valid ontologies and not totally 

from scratch. 
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