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Abstract 

This research aims to define an integrated strategy for modelling legal norms in the criminal domain for supporting 
the legal reasoning. For this purpose, OWL-DL criminal domain ontology is captured from legal texts, using a 
middle-out approach, and legal rules are then formalized based on the ontology. The goal is to construct a legal rule-
based decision support system for the Lebanese criminal domain, grounded on the integration of the criminal 
domain ontology and set of logic rules which are defined using the expressive ability of SWRL rule language.  
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1. Introduction 

Generally, legal AI systems are categorized in legal retrieval and legal analysis systems1. The legal analysis 
systems can be judgment machines or legal expert systems which are decision support systems. The judgment 
machines tend to replace judges. However, legal expert systems cannot and should not be used to replace human 
decision-makers2. Any legal expert system, known as legal knowledge based systems (LKBS)3, must be capable of 
legal reasoning1. Thus, the system must be based upon a model of legal reasoning by describing the norms that 
operate within the legal system4. Legal reasoning, applied earlier in various approaches for decision making 
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purposes, describes how legal expert system takes legal decisions with the help of rules5. Accordingly, legal 
reasoning is considered as a rule-guided activity, where most part of it consists of applying legal rules to 
interpretations of cases6,7. This kind of reasoning is called rule-based reasoning performed by rule-based expert 
systems where the reasoning process is based on a set of if-then rule statements2 used to describe certain patterns of 
the giving domain such as legal norms.  

Generally, legal norms are expressed in textual sources such as legislations and codes and have basically the 
following structure8,9:  

If A1,…,A2 then B; 

where “A1,…,A2” are the conditions of the norm, “B” is the legal effect and “if…then” is a normative conditional. 
This view highlights an immediate link between the concepts of the norm and the rules10. This link relies on 
ontologies since they are used for filling the gap between document representation, expressed in natural language, 
and rules modelling using logical formalisms11. Thus, the legal rules are considered as legal interpretation and 
modelling of the meaning of texts by transforming the legal norms to logical rules for permitting reasoning12. For 
this purpose, the main challenges are building well-founded domain ontology for modelling the legal norms and 
modelling the legal norms based on this ontology. 

This work presents a proposed legal expert system, named CORBS, which performs rule-based reasoning in the 
criminal domain. The system is considered as assistant to legal experts and not substitutes for them. CORBS is 
grounded on a criminal domain ontology, which is constructed using a middle-out approach, and a set of logic rules, 
formalized in SWRL rule language. The domain ontology and the rules are integrated together to form the legal 
reasoning model of CORBS. 

In section 2, the rule-based expert systems are overviewed. The integration of rules and ontologies is discussed in 
section 3. The proposed legal rule-based expert system CORBS is presented in section 4. The sections 5 and 6 
outline the main components of the legal reasoning model of CORBS: the knowledge base and the rule engine. The 
section 7 discusses the related work. Finally, the paper is concluded in section 8. 

2. Rule-Based Expert Systems 

Rule-based systems are the most prevalent legal AI expert systems13. A rule-based system relies on a model of 
deductive reasoning14 by applying a rule of law to a given problem in order to obtain an answer A. The system 
declares A is the answer based on the principle of law articulated by the governing authorities that mandates it15. 
This process of determining which rules should be applied and how they should be interpreted is often referred to as 
legal reasoning2 which is applied for decision making purposes in various approaches16,17. Examples of legal rule-
based expert systems:  McCarty’s Taxman18, Anne Gardener’s system6 and Susskind14. 
Generally, rule-based expert systems have advantages and disadvantages19,20:  

• Advantages:  
o Natural knowledge representation in the form of if-then rules that reflect the problem-solving procedure 

explained by the domain experts.  
o Uniformity of structure where all the rules are expressed in the same format. 
o Modularity of structure where each rule is an independent piece of knowledge.  
o Separation of knowledge from its process.  
o Justification of the determinations by explaining how the system arrived at a particular conclusion and by 

providing audit trails. 
• Disadvantages:  

o Opaque relations between rules because of the uniformity and modularity of their structure.  
o Inability to learn from experience.  

In this context, a limitation to cite, that concerns not only rule-based systems but all legal expert systems, which is 
the problem of how to model vague or “open-textured” concepts. For instance, uncertain and fuzzy legal concepts 
such as “reasonable” and “intentional” cannot be modelled in a way analogous to human thinking. What constitutes 
reasonable behaviour will vary from time to time, place to place and person to person2. In this context, some authors 
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purposes, describes how legal expert system takes legal decisions with the help of rules5. Accordingly, legal 
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2. Rule-Based Expert Systems 

Rule-based systems are the most prevalent legal AI expert systems13. A rule-based system relies on a model of 
deductive reasoning14 by applying a rule of law to a given problem in order to obtain an answer A. The system 
declares A is the answer based on the principle of law articulated by the governing authorities that mandates it15. 
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in the field21 considered that “open texture problems are functional to adequate regulations and should not be 
resolved by automatic legal reasoning systems. They form the human interface between case and regulation and 
should be implemented as such in legal reasoning systems, i.e. as a task for the user”. 

Despite these limitations, there are still many problems that can be solved by rule-based systems. The goal of 
these systems is not to solve all legal automation problems, but there are ideal for encoding legal principles found in 
statutes and regulations where the law is explicit and knowable, but logically complicated20.  

3. Integration of Rules and Ontologies 

Rules and ontologies represent two main components in the semantic web vision22. They ensure that information 
available on the World Wide Web is machine-readable23. Ontologies, or conceptual models, are considered as the 
common and distinctive conceptualizations of a domain of knowledge24. They comprise five main modelling 
primitives: concepts, taxonomical relations (sub-class relations), non-taxonomical relations, axioms and instances 
(individuals). OWL (Web Ontology Language) is the standard representation language of ontologies.  
Meanwhile, rules are represented using inferential links according to the following pattern: 

IF precondition THEN conclusion. 

The role of inferential links is to govern the reasoning, they are considered as “rules for judging”. The reasoning is 
processed by the evaluation of the left side of the rule with reference to the knowledge base, and if this succeeds, the 
action specified by the right side is performed8. Reasoning with rules and ontologies affects the Ontology and Rule 
layers of the semantic web layer cake25.  

For building rule-based expert systems, the integration of ontologies and rules remains a challenging task in the 
knowledge engineering domain. Several approaches have been discussed according to the degree of integration 
between ontologies and rules26,27,28,29,30,22,31. Two main integration approaches have been distinguished: 
Homogeneous, which are monotonic approaches, and hybrid, which are non-monotonic approaches32. 

• Homogeneous: the integration between ontologies and rules is defined over a tight semantic integration where 
ontologies and rules are embedded in a common logical language (Fig. 1). Ontologies are treated as external 
sources of information, which are accessed by rules. Ontology concepts and properties may be defined through 
the rules32. The most typical homogeneous paradigms are: 

o Combination of OWL ontologies with SWRL rules expressed in First Order Logic (FOL) which is family 
of monotonic Knowledge Representation (KR) formalisms. 

o Description Logic programs (DLP) which is a Knowledge Representation (KR) contained within the 
intersection of Description Logic (DL), which is the basis of ontology languages, and Logic Programs 
(LP), which is the basis of rules languages27.  

 
Fig. 1. Homogeneous integration of rules and ontologies. 

• Hybrid: the integration between ontologies and rules is defined over a strict semantic separation where the 
ontology elements and the rules predicates are separated (Fig. 2). Ontology elements, such as concepts and 
properties, represent the conceptualization of the domain. Rules cannot define them but some application-specific 
relations. Thus in the hybrid approach, the ontology remains unchanged and rules are built on top of ontologies22. 
In this strategy, rules are expressed in Logic Programming LP formalism which is family of non-monotonic 
Knowledge Representation (KR). The most typical hybrid approaches are, among others, Answer Set 
programming (ASP)33, dl-programs28 and DL+log34. 

 
Fig. 2. Hybrid integration of rules and ontologies. 
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4. CORBS: a Proposed Rule-Based System 

The main goal of this paper is to propose a legal rule-based system for the criminal domain, named CORBS, 
grounded on the integration of a legal domain ontology and set of logical rules. The challenges of this work are 
building well-founded domain ontology for modelling the legal norms and integrating it with the rules to form the 
reasoning model of the system. In this section, the domain application of CORBS as well as the legal reasoning 
model will be overviewed. 

4.1 Domain Application 

The domain application of this study is the Lebanese criminal law. Law may mean the sources of law, such as 
legislation and case decisions13, but often it covers also the legal system, in particular: legal courts and their ruling. 
Several distinguished legal theorists have come to the conclusion that law is, essentially, a body of rules2. Moreover, 
legal formalist commentators maintain that law cannot be divorced from the concept of a rule35.  

In constructing legal knowledge-based systems, knowledge engineers simply assume that the legal source to be 
modeled is a legally valid one36. Thus the legal source of the current research is restricted to the English version of 
the Lebanese criminal code that consists of legal norms (rules) represented in unstructured natural language texts. 
The code contains the general criminal laws distributed on 770 articles. Two main types of knowledge are 
represented in the legal rules of the Lebanese criminal code: terminological and normative. The terminological 
knowledge consists in definitions of some of the concepts of the criminal domain that are used to describe the 
criminal facts. For instance, the concept perpetrator is defined in article 212 of the Lebanese criminal law as: “The 
perpetrator of an offence is anyone who brings into being the constituent elements of an offence or who contributes 
directly to its commission”. Meanwhile, the normative knowledge connects the legal consequences to descriptions 
of certain facts and situations, such as in article 217: “Anyone who induces or seeks to induce another person to 
commit an offence shall be deemed to be an instigator”. From the perspective of computer science, these legal rules 
are the form in which the criminal law is specified and can be viewed as constraints upon how a legal system should 
operate. 

4.2 Legal Reasoning Model of CORBS 

Legal expert systems are built on the assumption that the user of their technology will provide the current facts to 
which the legal expert will apply the law14. In this context, McCarty, father of AI and law, claims that a LKBS must 
be able to represent the facts that involve all the complexities of daily life (human actions, beliefs, intentions, 
motivations, etc.) and the law that consists of a system of “concepts” and “rules” 4,37.  
Most of the LKBS attempt to develop and implement complex models of legal reasoning38. However, a LKBS need 
to be based upon a simple, but expressive, model in order to produce useful reasoning or decision. The power and 
utility of such systems rely on two main parts: a significant domain knowledge base and an intelligent reasoning 
module, or inference engine39.  

The domain knowledge base, which is acquired from the domain experts and sources, is composed of two 
separated models40: domain and problem-solving. Domain knowledge is about the objective realities in the domain 
of interest (Objects, relations, events, states, causal relations, etc.). Problem-solving knowledge is about how to use 
the domain knowledge to achieve various goals. This knowledge is often in the form of a problem solving method 
(PSM) or set of rules in a rule-based LKBS. This separation has several advantages such as the domain models can 
be developed independently of specific tasks and problems, and can therefore have a high degree of reusability41. 
Meanwhile, the reasoning module tends to combine facts of a given case with the knowledge base to solve a giving 
problem. Based on this perspective, and inspired by some studies42,43,44, the legal reasoning model of CORBS 
consists of three main layers (Fig. 3): 

• User interface: provide list of facts as input. Facts are considered as instances of the domain objects. 
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• Knowledge base: contains the domain knowledge useful for problem solving. Generally, in a rule-based expert 
system, the knowledge is represented as a set of rules represented in IF (condition) THEN (action) structure. In 
CORBS, the knowledge base is composed of domain ontology and rule base: 

o Domain ontology: representing the conceptual model of the criminal domain, the criminal domain ontology 
has been developed earlier as grounds to build the knowledge base for the legal decision support system.  

o Rule base: set of formal rules developed based on the criminal domain ontology by mentioning vocabulary 
specified by this ontology. The rules are independent, self-contained chunks of knowledge. Thus, each rule 
can be changed or updated without requiring the modification of other rules or affecting the entire system. 
Moreover, the performance of the system is affected by their reliability. 

• Reasoning, or rule, engine: drives legal reasoning by retrieving the facts (input) submitted to the system and 
matching them with the rule base to identify the rule, or rules that satisfy the input. Thus, new values for facts are 
set according to the satisfied rule.  

 
Fig. 3. Legal Reasoning Model of CORBS. 

5. Knowledge Base of CORBS 

Generally, the knowledge base contains the domain knowledge useful for problem solving. In CORBS, the 
knowledge base is composed of two main components: domain knowledge, which is the criminal domain ontology, 
and set of formal rules that compose the rule base. 

5.1 Criminal Domain Ontology 

In the legal domain, the purpose of building ontologies is to describe the facts of legal cases at a comfortable 
level of abstraction and the “law” of the domain application which consists of “rules” and “concepts”37. Legal 
ontologies are defined as social constructs that can be used to express shared meaning within a community of 
practice24.  

In rule-based expert systems, ontologies are used for filling the gap between document representation and rules 
modelling11. Thus, In CORBS, the aim of the criminal domain ontology is modelling the legal norms of the 
Lebanese criminal domain serving as a basis for legal knowledge and legal reasoning.  
In this context, an issue must be recognized is that there is no agreement on the basic conceptualization(s) of the 
legal domain. Thus, the same domain can be conceptualized in different ways. What is needed is rather for the 
ontologies to be sufficiently clearly stated45. Moreover, research in this field should not concentrate on creating one 
ontology of the legal domain but on the creation of a library that contains several dedicated ontologies at different 
abstraction levels and supports their combination to create a composite ontology. In addition to this, building 
ontologies is not an easy task due to the complexity, difficulty and time-consuming of the building process. 

From these perspectives, a modular middle-out approach has been proposed to simplify the ontology building 
process as well as to obtain a composite reusable and well-founded ontology46. The middle-out approach is 
composed of two complementary strategies top-down and bottom-up where the criminal domain ontology is 
modularized in four independent modules which are themselves ontologies: upper, core, domain and domain-
specific (Fig. 4). The upper and core modules are built by applying the top-down strategy that is considered as a 
conceptual modelling process performed by reusing existent foundational ontology (UFO)47 and legal core ontology 
(LKIF-Core)48. Meanwhile, the domain and domain-specific modules are extracted by applying the bottom-up 

6 Author name / Procedia Computer Science00 (2017) 000–000 

 

strategy as an ontology learning process from the Lebanese criminal code49. The modules are then integrated 
together to compose the whole ontology.  

 
Fig. 4. Middle-out approach for building the criminal domain ontology. 

In the following, the modules are overviewed briefly. 
Upper ontology module 
The upper ontology module of the criminal domain ontology consists of general concepts and relations that are 
effectively independent of any specific domain. This module is constructed by a partial reuse of the Unified 
Foundational Ontology (UFO) in order to facilitate and speed up the ontology development process by preventing to 
reinvent the wheel of the basic categories50. In Fig. 6 (a), an excerpt of the upper module concepts, such as Event, 
Action, Interaction and Action_Contribution, is illustrated.  

Core ontology module 
The core ontology module 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 is applied, as 
for upper module. The legal core ontology (LKIF-Core) is partially reused to build the core module. In Fig. 6 (b), an 
excerpt of the core module concepts, such as Medium, Legal_Document, Legal_Source, Code and 
Regulation, is illustrated.  

 
Fig. 6 (a) Excerpt of the Upper module; (b) Excerpt of the Core module. 

Domain and Domain-specific ontology modules 
The domain and domain-specific modules are composed of categories that are related mainly to the criminal domain. 
These modules are extracted semi-automatically from the Lebanese criminal code by applying an ontology learning 
process with the help of natural language processing techniques (NLP). Furthermore, a reengineering process is 
applied to correct, prune and enrich the results. In Fig. 7 (a), an excerpt of the domain module concepts, such as 
Judge, Magistrate, Defender, Offender and Victim, is illustrated. In the Lebanese criminal system, 
there are two main types of penalties for contraventions and misdemeanours: fine and imprisonment. Thus, the 
domain concepts: Contravention_Penalty and Misdemeanour_Penalty are specified respectively in the 
following domain-specific concepts: Fine_Contravention_Penalty, Imprisonment_ 
Contravention_Penalty, Fine_ Misdemeanour_Penalty and Imprisonment_ 
Misdemeanour_Penalty (see Fig. 7 (b)).  
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Fig. 7 (a) Excerpt of the Domain module; (b) Excerpt of the Domain-specific module. 

5.2 Rule Base 

Rule base stores the knowledge in form of rules5. In the legal domain, a legal norm is represented by an 
obligation rule that denotes that the conclusion of the rule will be treated as an obligation51. The representation of 
legal norms is obviously crucial for representing legal documents, regulations and other sources of law10. 
Representing legal contents though obligation rules comports with the widespread idea that legal norms typically 
have the conditional form:  

IF condition (operative facts) THEN conclusion (legal effect). 

Indeed, obligation rules provide the most widespread and successful representational model for legal knowledge 
where the concepts of the legal norms are linked to the rules52. For representing them, a modelling process is 
needed, as well as a rule language. 

In the literature, there is a variety of languages for modelling rules such as: RuleML, SWRL, KIF, etc. In this 
study, SWRL is selected because of its simplicity and compatibility with the OWL syntax. Additional reason is that 
the legal norms of the Lebanese criminal code can almost be expressed in first-order logic. Therefore, the rules 
modelling process in CORBS is based on a homogeneous integration of the SWRL rules with the criminal domain 
ontology. 
SWRL (Semantic Web Rule Language) is probably the most popular formalism in Web community for expressing 
knowledge in the form of rules. This language is based on a combination of Rule Mark-up Language (known as 
RuleML)53 and OWL (Web Ontology Language)54. SWRL extends OWL axioms to include Horn-like rules. It is the 
only approach that gathers ontology and rules in product development55 where users are permitted to write rules that 
can be expressed in terms of OWL concepts and that can reason about OWL individuals56. In SWRL, rules are of 
the form of an implication between an antecedent (body) conjunction and a consequent (head) conjunction in the 
following form32: 
  a1 ∧ a2∧… ∧ an→ b1 ∧ b2 ∧… ∧ bm; 

where description logic expressions can occur on both sides, “∧” is an operator for the logical AND, “→” is an 
operator for drawing the conclusion and ai and bi are OWL atoms such as, among others, concepts, object properties, 
data properties, sameAs, and differentFrom.  

The intended interpretation of SWRL rules is in classical first-order logic: whenever the conditions specified in 
the antecedent hold, then the conditions specified in the consequent must also hold.  
Meanwhile, SWRL suffers from some limitations such as the problem of undecidability that is possibly solved by 
introducing the notion of DL-safe rules which restricts the application of SWRL rules only to individuals57. 
Moreover, OWL2, successor of OWL, added new features based on DL SROIQ58 which can completely internalize 
DL rules as decidable fragment of SWRL. Another limitation is noticed that is SWRL does not support the negation 
as failure. This can be solved using classical negation with the class description owl:complementOf. In this regard, 
the legal norms of the Lebanese criminal code are expressed in SWRL as obligation rules based on the concepts and 
relations of the criminal domain ontology. In Table 1, some examples of SWRL rules, expressed using ontology 
concepts, object properties, data properties and instances, are presented. 

Table 1.Excerpt of the Lebanese criminal code articles expressed in SWRL. 
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Legal Norms Rules expressed in SWRL 

Article 547: “Anyone who intentionally 
kills another person shall be punishable 
by hard labour for a term of between 15 
and 20 years”. 

Intentional_Homicide(killing), committed_towards(killing, ?y), committed_by(killing, ?x) -> 
is_punished_by(?x, hard_labour), imposed_for_maximum(hard_labour, max_d_2), 
imposed_for_minimum(hard_labour, min_d_2), term_value(max_d_2, 20), 
term_value(min_d_2, 15), term_type(max_d_2, "years"), term_type(min_d_2, "years") 

Article 213: “An accomplice to an 
offence shall be liable to the penalty 
prescribed by law for the offence”. 

Accomplice(?x), commit(?x, ?y), is_punishable_by(?y, ?z) -> is_liable_to_punished_by(?x, ?z) 

6. Reasoning Engine 

Legal expert systems solve legal problems through the application of two main reasoning strategies59: deductive 
logic and inductive logic that are called respectively forward chaining, or data-driven, and backward chaining, or 
goal-driven60. Forward chaining starts from existing facts and applies rules to derive all possible facts, while 
backward chaining starts with the desired conclusion and performs backward to find supporting facts.  
In rule-based expert systems, the inference engine applies rules with data to reason and derive new facts. When the 
data match the rules conditions, the inference engine can modify the knowledge base or execute functions such as 
display the derived facts. This process of determining which rules should be applied and how they should be 
interpreted is often referred to as legal reasoning2. Generally, researchers view legal reasoning as essentially 
deductive in character2. The most known rule-based reasoning engines are, among others, Pellet60, Jess61 and 
Jena262. In the current work, the SWRL rules are written in the rule plug-in in Protégé. Thus, the semantic reasoning 
engine Pellet is used. In Fig. 8, the inferences of the SWRL rules associated to the articles 547 (a) and 213 (b) are 
shown. 

 
Fig. 8. Inferences of the rules associated to the articles (a) 547; (b) 213. 

7. Related Work 

This work is related to the domain of rule-based expert systems where rule reasoning models are based on the 
integration of domain ontologies and SWRL rules. Several works in the literature tend to use rule reasoning models 
in different domains such as maize disease63, brain anatomy64 and power plant design65. For the maize disease case 
study, the authors tend to build a domain ontology and enrich it with the expressive ability of SWRL reasoning rules 
in order to improve the disease diagnosis. The same application is used in the case of brain anatomy ontology, where 
the SWRL rules are used for enhancing the expressivity of the ontology, and power plant design where SWRL 
allows additional rules expression. Therefore, these studies have integrated domain ontologies with SWRL rules for 
expressivity purposes. Meanwhile, in our work, the expressive ability of SWRL is used mainly for modelling the 
legal norms of the criminal domain based on the domain ontology constructed in a simple strategy which is the 
modular middle-out approach. Thus, SWRL rules form the rule base of the system and based on it the reasoning 
engine will perform its functions. Therefore, the performance of the system is affected by the quality of the domain 
ontology and the rules as well as their integration.  
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8. Conclusion 

In this paper, a proposed rule-based legal expert system, named CORBS, is presented. The system is grounded on 
a homogenous integration of a criminal domain ontology and a set of logic rules. The legal reasoning model of 
CORBS relies on an efficient domain knowledge base which is composed of domain ontology and rule base. The 
domain ontology represents the conceptual model of the domain application of this work which is the Lebanese 
criminal system. In order to simplify the complexity of the ontology building process and to obtain a well-founded 
criminal domain ontology that affects the performance of the reasoning capabilities of the proposed system, a 
middle-out approach is applied. The middle-out approach applies modularization techniques to divide the ontology 
into four independent modules: upper, core, domain and domain-specific. Moreover, a reuse process is used to 
prevent reinventing the wheel while building the ontology. Furthermore, the rule base contains a set of logic rules 
composed of atoms that are defined based on the ontology elements and formalized using SWRL as a modelling 
phase for the legal norms. SWRL is used because it is better suited to express deductive knowledge by rules 
composed of atoms66. Finally, the reasoning engine drives the legal reasoning by retrieving the facts submitted and 
matching them with the rule base. Thus le legal reasoning model of CORBS is a rule-guided activity.  
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8. Conclusion 

In this paper, a proposed rule-based legal expert system, named CORBS, is presented. The system is grounded on 
a homogenous integration of a criminal domain ontology and a set of logic rules. The legal reasoning model of 
CORBS relies on an efficient domain knowledge base which is composed of domain ontology and rule base. The 
domain ontology represents the conceptual model of the domain application of this work which is the Lebanese 
criminal system. In order to simplify the complexity of the ontology building process and to obtain a well-founded 
criminal domain ontology that affects the performance of the reasoning capabilities of the proposed system, a 
middle-out approach is applied. The middle-out approach applies modularization techniques to divide the ontology 
into four independent modules: upper, core, domain and domain-specific. Moreover, a reuse process is used to 
prevent reinventing the wheel while building the ontology. Furthermore, the rule base contains a set of logic rules 
composed of atoms that are defined based on the ontology elements and formalized using SWRL as a modelling 
phase for the legal norms. SWRL is used because it is better suited to express deductive knowledge by rules 
composed of atoms66. Finally, the reasoning engine drives the legal reasoning by retrieving the facts submitted and 
matching them with the rule base. Thus le legal reasoning model of CORBS is a rule-guided activity.  

Acknowledgements 

This project has been funded with the support from the European Union with the European Regional 
Development Fund (ERDF), the National Council for Scientific Research in Lebanon (CNRS) and Lebanese 
University. 

References 

1. Popple, J., Legal expert systems: The inadequacy of a rule-based approach, in Proceedings of the Thirteenth Australian Computer Science 
Conference (ACSC-13), Melbourne, pp. 303-13, February, 1990. 

2. Dora, I., LEGAL EXPERT SYSTEMS: THE END OF JURISPRUDENCE? 
3. Chorley, A. and Bench-Capon, T., Developing Legal Knowledge Based Systems Through Theory Construction. Proceedings of the Ninth 

International Conference on AI and Law, 85-86. ACM Press: New York, 2003. 
4. Popple, J., A pragmatic legal expert system, Dartmouth Publishing Company, 1996. 
5. Valente, A. and J. Breuker, Law functions: Modeling principles in legal reasoning. In: Breuker, J.A.P.J., R.V. de Mulder, J.C. Hage, Legal 

Knowledge Based Systems, Model-based legal reasoning, JURIX '91, 1991, pp. 40-52. 
6. Gardner, A., An Artificial Intelligence Approach to Legal Reasoning. MIT Press, Cambridge, MA (1987). Rissland & Skalak (1991). 
7. Breuker, J., Towards a workbench for the legal practitioner. in A. Schmidt, K. van Noortwijk and R. Winkels, editors, Legal KBS: aims for 

research and development. Koninklijke Vermande, Lelystad, the Netherlands, 1990. 
8. Davis, R. and King, J., The origin of rule-based systems in AI. In B. G. Buchanan and E. H. Shortli 

e, editors, Rule Based Expert Systems-The MYCIN Experiments of the Stanford Heuristic Programming Project, pages 20-52. Addison-
Wesley, Reading, MA, 1984. 

9. Kelsen, H., General theory of norms. Clarendon, Oxford, 1991. 
10. Gordon, T. F., Governatori, G. and Rotolo, A., Rules and norms: Requirements for rule interchange languages in the legal domain. In 

Governatori et al., pages 282–296. ISBN 978-3-642- 04984-2, 2009. 
11. Palmirani, M., Contissa, G., Rubino, R.: Fill the Gap in the Legal Knowledge Modelling. In Proceedings of RuleML 2009, pp. 305-314, 2009.  
12. Palmirani, M., Ognibene, T., and Cervone, L., Legal rules, text, and ontologies over time. In Proceedings of RuleML 2012, 2012. 
13. van Engers, T., Boer, A., Breuker, J., Valente, A., Winkels, R.: Ontologies in the Legal Domain. In: Digital Government. Integrated Series in 

Information Systems 17, chap. 13, pp. 233–261. Springer, 2008. 
14. Susskind, R. E., Expert Systems in Law: A Jurisprudential Approach to Artificial Intelligence and Legal Reasoning, 49 Modern Law Review 

168 , 1986. 
15. Edwards, L., H., Legal writing: Process, Analysis, and Organization, 5th edition, 1996. 
16. Hirora, K., Yoshino, K., Xu, M. Q., Zhu, Y., Li, X.Y. and Horie, D., A fuzzy case based reasoning system for the legal inference, IEEE 

International Conference on World Congress on Computational Intelligence, Anchorage, AK, Vol.2, pp.1350-1354, 1955. 
17. Pinkwart, N., Ashley, K., Lynch, C., Aleven, V., Evaluating and Intelligent Tutoring System for Making Legal Arguments with Hytheticals, 

International Journal of Artificial of Intelligence in Education, Vol.19(4), 2009. 
18. McCarty, L. T., Reflections on TAXMAN: An Experiment in Artificial Intelligence and Legal Reasoning. 90 Harvard L. Rev. 837-893, 1977. 
19. Lee, Y., Knowledge Discovery and Management. Slides available at http://sce2.umkc.edu/csee/leeyu/class/CS560/Lecture/lect3.pdf 
20. https://blog.law.cornell.edu/voxpop/2010/07/01/rule-based-legal-information-systems/ 
21. Breuker, J. and de Greef, P., Modelling user-system cooperation in KADS. Knowledge Acquisition, 1992. 
22. Eiter, T., Ianni, G., Polleres, A., Schindlauer, R., Tompits, H., Reasoning with rules and ontologies. In Barahona, P., Bry, F., Franconi, 

10 Author name / Procedia Computer Science00 (2017) 000–000 

 

E.,Sattler, U., Henze, N., eds.: Reasoning Web 2006. Volume 4126 of LNCS. Springer, 93–127, 2006. 
23. Kaneiwa, K. and Mizoguchi, R., Distributed reasoning with ontologies and rules in order-sorted logic programming, Journal of Web 

Semantics 7 (3), pp. 252–270, 2009. 
24. Valente, A. and Breuker, J, Ontologies: the Missing Link Between Legal Theory and AI & Law, In Jurix'94 Proceedings, p. 138–149, 1994. 
25. Berners-Lee, T., Web for Real People, Keynote Speech at the 14th World Wide Web Conference (WWW2005), April 2005. Slides available 

at http://www.w3.org/2005/ Talks/0511-keynote-tbl/. 
26. Horrocks, I., Patel-Schneider, P.F., Boley, H., Tabet, S., Grosof, B., & Dean, M., SWRL: A Semantic Web Rule Language Combining OWL 

and RuleML, W3C Member Submission, 21 May 2004. Retrieved April 22, 2008. 
27. Grosof, B. N., Horrocks, I., Volz, R., & Decker, S., Description logic programs: Combining logic programs with description logic. In Proc. of 

the Twelfth International World Wide Web Conference (WWW 2003), pp. 48-57. ACM, 2003. 
28. Eiter, T., Lukasiewicz, T., Schindlauer, R., & Tompits, H., Combining answer set programming with description logics for the semantic web, 

In Proc. of the International Conference of Knowledge Representation and Reasoning (KR04), 2004. 
29. Rosati, R., DL+log: Tight Integration of Description Logics and Disjunctive Datalog. In Patrick Doherty, John Mylopoulos, and Christopher 

A. Welty, editors, Proceedings of the 10th International Conference on Principles of Knowledge Representation and Reasoning (KR 2006), 
Lake District, UK (pp. 68-78). AAAI Press, 2006. 

30. Rosati, R., Integrating Ontologies and Rules: Semantic and Computational Issues. In Pedro Barahona, Francois Bry, Enrico Franconi, Nicola 
Henze, and Ulrike Sattler, editors, Reasoning Web, Second International Summer School 2006, Lissabon, Portugal, September 4_8, 2006, 
Tutorial Lectures, volume 4126 of Lecture Notes in Computer Science (LNCS), pp. 128-151, Springer, 2006. 

31. Antoniou, G., Damasio, C. V., Grosof, B., Horrocks, I., Kifer, M., Maluszynski, J., and Patel-Schneider, P. F., Combining Rules and 
Ontologies: A survey. Technical Report IST506779/Linkoping/I3-D3/D/PU/a1, Linkoping University, February 2005.  

32. Antoniou Antoniou, G., Damasio, C. V., Grosof, B., Horrocks, I., Kifer, M., Maluszynski, J., and Patel-Schneider, P. F., Combining Rules 
and Ontologies - A survey. Deliverables I3-D3, REWERSE, http://rewerse.net/deliverables/m12/i3-d3.pdf, March 2005. 

33. Gelfond, M., and Lifschitz, V., Classical negation in logic programs and disjunctive databases. New Generation Computing, 365-386, 1991. 
34. Rosati, R., DL+log: Tight Integration of Description Logics and Disjunctive Datalog. In Proceedings of the Tenth International Conference 

on Principles of Knowledge Representation and Reasoning (KR 2006), pages 68–78. AAAI Press, 2006. 
35. Hart, H.L.A., THE CONCEPT OF LAW, 1961. 
36. Breuker, J., Valente, A., and Winkels, R., Legal ontologies in knowledge engineering and information management, Artificial Intelligence 

and Law, 12(4):241–277, 2004. 
37. McCarty, L. T., Intelligent Legal Information Systems: Problems and Prospects, Rutgers Computer and Technology Law Journal, Vol. 9, No. 

2 (1983), 265-294. 
38. Popple, J., SHYSTER: A Pragmatic Legal Expert System, Ph.D. Dissertation, Australian National University, Canberra, Australia, 1993. 
39. Corsar, D. and Sleeman, D., Developing knowledge-Based Systems using the Semantic Web, SSS-08 on Symbiotic Relationships between the 

Semantic Web & Knowledge Engineering, 2008. 
40. Chandrasekaran, B., Josephson, JR.,Richard, BV., Ontology of Tasks and Methods, In Workshop on Knowledge Acquisition, Modeling and 

Management (KAW'98), Canada, 1998. 
41. Valente, A. and Breuker, J., A model-based approach to legal knowledge engineering. In C. Grütters et.al., editor, Legal Knowledge Based 

Systems: Information Technology and Law, pages 123-133. Koninklijke Vermande, 1992. 
42. Patil, S. M., Bhagwat, S. D., ECG Analysis – An Expert System Approach, Proceedings of first regional Conference of IEEE – EMBS, 1995, 

pp. 2/48-2/49. 
43. Scharf, J, ROWLer - A hybrid rule engine for legal reasoning, 2014. 
44. Jacob, R. J. K. and Froscher, J. N., A Software Engineering Methodology for Rule-based Systems, IEEE Transactions on Knowledge and Data 

Engineering 2: 2, 173—189,1990. 
45. Bench-Capon, T. and Visser, R.S., Ontologies in Legal Information Systems; The Need for Explicit Specifications of Domain 

Conceptualisations, Proceedings, Sixth International Conference on Artificial Intelligence and Law. pp. 132 – 141, 1995. 
46. El Ghosh, M., Naja, H., Abdulrab, H. and Khalil, M., Towards a Middle-out Approach for Building Legal Domain Reference Ontology, 

International Journal of Knowledge Engineering, vol. 2, no. 3, pp. 109-114, September, 2016. 
47. Guizzardi, G., Ontological Foundations for Structural Conceptual Model. Universal Press, Veenendaal, The Netherlands, 2005. 
48. Hoekstra, R., Breuker, J., Di Bello, M., Boer, A., The LKIF core ontology of basic legal concepts. In: Casanovas, P., Biasiotti, M.A., 

Francesconi, E., Sagri, M.T. (eds.): Proceedings of the 2nd Workshop on Legal Ontologies and Artificial Intelligence Techniques. CEUR 
Workshop Proceedings, pp. 43-63, 2007. 

49. El Ghosh M., Naja H., Abdulrab H. and Khalil M., Ontology Learning Process as a Bottom-up Strategy for Building Domain-specific 
Ontology from Legal Texts. In Proceedings of the 9th International Conference on Agents and Artificial Intelligence - Volume 2: 
ICAART, ISBN 978-989-758-220-2, pages 473-480, 2017. 

50. Golbreich, C., What reasoning support for ontology and rules? the brain anatomy case study, In Proc. of the 2005 OWL Workshop, 2005. 
51. Governatori, G. and Rotolo, A., Logic of violations: A Gentzen system for reasoning with contrary-to-duty obligations. Australasian Journal 

of Logic, 4:193–215, 2006. ISSN 1448-5052. 
52. Sartor, G., Legal Concepts: An Inferential Approach, Eur. Univ. Inst., Working Papers Law No. 2008/03, URL: 

http://papers.ssrn.com/sol3/papers.cfm?abstract_id= 1093627 [10.01.2009], 2008. 
53. Boley, H., Tabet, S., and Wagner, G., Design rationale for RuleML: A markup language for Semantic Web rules. In I. F. Cruz, S. Decker, J. 

Euzenat, and D. L. McGuinness, editors, Proc. SWWS’01, The first Semantic Web Working Symposium, pages 381–401, 2001. 
54. Horrocks, I., Patel-Schneider, P.F., Boley, H., Tabet, S., Grosof, B., Dean, M., SWRL: A Semantic Web Rule Language Combining OWL and 

RuleML. W3C Member submission 2004, 21, 79. 
55. Fiorentini, X., Sudarsan, R., Suh, H., Lee, J., Sriram, R., An analysis of description logic augmented with domain rules for the development of 

product models, Journal of Computing and Information Science in Engineering 10, pp. 1-13, 2010. 



642 Mirna El Ghosh et al. / Procedia Computer Science 112 (2017) 632–642
 Author name / Procedia Computer Science00 (2016) 000–000 11 

 

56. O'Connor, M.J., Shankar, R.D., Tu, S.W., Nyulas, C.I., Das, A.K., Developing a Web-Based Application using OWL and SWRL, AAAI 
Spring Symposium, Stanford, CA, USA, 2008. 

57. Motik, B., Sattler, U., and Studer, R., Query answering for owl-dl with rules. Journal of Web Semantics: Science, Services and Agents on the 
World Wide Web 3, 41–60, 2005. 

58. Horrocks, I., Kutz, O., Sattler, U., The even more irresistible SROIQ, In Proc. of the 10th Int. Conf. On Principles of Knowledge 
Representation and Reasoning, 2006, pp. 57-67, AAAI Press. 

59. Fortineau, V., Paviot, T., Louis-Sidney, L., and Lamouri, S., Swrl as a rule language for ontology-based models in power plant design. In 
PLM, volume 388 of IFIP Advances in Information and Communication Technology, pages 588–597. Springer, 2012. 

60. Giarratano, J.C. and Riley, G. D., Expert Systems: Principles and Programming, 4th ed. Course Technology, 200460. Sirin, E., Parsia, B., 
Grau, B., C., Kalyanpur A., & Katz, Y., Pellet: A practical OWLDL reasoner, Journal of Web Semantics, 5(2). 2007. 

61. http://www.jessrules.com/jess/index.shtml 
62. McBride, B., Jena: A Semantic Web Toolkit, IEEE Internet Computing, 6(6):55-59, 2002. 
63. Ma L., Yu H., Chen G., Cao L., Zhao Y., Research on Construction and SWRL Reasoning of Ontology of Maize Diseases. In: Li D., Chen Y. 

(eds) Computer and Computing Technologies in Agriculture VI. CCTA 2012. IFIP Advances in Information and Communication 
Technology, vol 393. Springer, Berlin, Heidelberg, 2013. 

64. Golbreich, C., Bierlaire, O., Dameron, O., Gibaud, B., Use case: Ontology with rules for identifying brain anatomical structures. W3C 
Workshop on rule languages for interoperability, France. pp.1-5, 2005. 

65. Fortineau V., Paviot T., Louis-Sidney L., Lamouri S., SWRL as a Rule Language for Ontology-Based Models in Power Plant Design. In: 
Rivest L., Bouras A., Louhichi B. (eds) Product Lifecycle Management. Towards Knowledge-Rich Enterprises. PLM 2012. IFIP 
Advances in Information and Communication Technology, vol 388. Springer, Berlin, Heidelberg, 2012. 

66. Golbreich, C., Imai, A.: Combining SWRL rules and OWL ontologies with Protégé OWL plugin, Jess, and Racer. In: 7th International 
Protégé Conference, 2004. 


