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Abstract  

Research in recent years has probed the integration of research in the fields of Software 

Engineering and Semantic Web technologies in several domains. Semantic approaches in general 

have allowed a better understanding of domains that are known for their ambiguities and 

incompleteness. We have seen artificial intelligence in general being used to improve many stages 

of the software development process. Ontologies are being used successfully in the requirements 

engineering phase. This paper reviews some of the research related to the use of ontologies in 

requirements engineering (RE).  specifically review some approaches, methods, and tools. The 

main objective of this work is to show how ontologies are used in requirement elicitation which is 

then first step of (RE). Requirement elicitation is a crucial phase of (RE) and the use of ontologies 

to manage and facilitate the activities undertaken during this phase is of great importance. In 

summary, the main findings of this work are: 

(1) there are empirical evidences of the benefits of using ontology's in (RE) in several domains for 

reducing ambiguity, inconsistency and incompleteness of requirements;(2) several research works 

have developed novel approaches for ontology usage in (RE); (3) some of which developed 

algorithms that improved and enhanced the (RE) process; (4) most studies addressed only 

functional requirements; (5) some studies focused on the use of ontologies in requirement 

modeling. Finally, we conclude this work by suggesting several areas of ontology in (RE) search 

opportunities in ontology and some issues that need to be addressed. 

Key Words: Requirements Engineering, Requirements Elicitation, Ontology, UML, Onto UML 

Natural Language Processing. 

http://www.hnjournal.net/


                       Humanitarian and Natural Sciences Journal   Abdelmoneim M. Kheir et al. September, 2021  www.hnjournal.net 

 

 Page | 428                                             

The Use of Ontologies in Software elicitation: Review                                                                           HNSJ   Volume 2. Issue 9                                   

Introduction  

The main objective of the software engineering discipline is to develop software and 

applications of high-quality satisfying users’ requirements. The term Software 

Engineering (SE) was first coined in the mid-sixties and the two NATO sponsored 

conferences in 1968 was the official launch of the discipline and profession. Software 

Engineering has seen many developments and changes over the years at every step of 

the software development process. The    simplest and probably the most used process 

for software development is the waterfall model [1]. The waterfall model, also referred 

to as the software life cycle model, describes the software process as a sequential set of 

phases where each phase depends on the outputs of the previous one. Sommerville 

describes the waterfall model as a plan- driven process [2]. Requirements Engineering 

(RE) which is the first phase of the waterfall model, is often cited as the phase where 

errors are expensive to correct and the source of many software failures. Many papers 

have been published to identify and describe the inherent problems of RE and the most 

recent include the process that analyzes the stakeholders’ needs and identifies 

functional, non-functional and usability engineering requirements. In the last few 

years, another category of requirements namely security requirements, is added . user 

requirements are statements in a natural language plus diagrams of what services the 

system is expected to provide to system users and the constraints under which it must 

operate [2]. The RE phase is composed of any tasks and this comprises elicitation, 

analysis, specification, validation, and management of requirements. Requirements 

elicitation is the process of discovering, extracting, and gathering requirements for a 

system through communication with the stakeholders. Requirement elicitation from 

stakeholders and developers point of views is the crucial step in the requirements 

analysis process, and several methods, frameworks and tools have been developed to 

support human activities during this task, Goal oriented requirements analysis methods, 

scenario analysis, use case modelling techniques are examples of such approaches and 

methods. However, with all these developments, there are still many challenges in 

requirement elicitation. Hence, there is a need for more efforts and research to improve 

this phase and facilitate the dialog between the stakeholders and developers. In the 

context of software development, there is a growing interest in the use of ontologies. 



                       Humanitarian and Natural Sciences Journal   Abdelmoneim M. Kheir et al. September, 2021  www.hnjournal.net 

 

 Page | 429                                             

The Use of Ontologies in Software elicitation: Review                                                                           HNSJ   Volume 2. Issue 9                                   

The term ontology comes from the field of philosophy that deals with nature of beings 

[6] and introduced in computer science specifically artificial intelligence (AI) and 

defined as a set of representational primitives in a particular knowledge area [7]. 

Furthermore, Gruber [8] defined an ontology as an explicit specification of a 

conceptualization. It is within this understanding that ontologies are used in software 

engineering and specifically requirements engineering as their classes and properties 

are an abstraction of a specific domain [9]. Ontologies are becoming increasingly 

common to encode knowledge in many domains including software and requirements 

engineering. Ontologies are used in requirement engineering to resolve different types 

of problems for example in requirement elicitation, requirement validation, 

requirements disambiguation and requirements completeness. Ontologies are specified 

and developed using ontology languages such as the ontology web language (OWL). 

The remaining of the paper is organized as follows. Section 2 we provide some 

background and definitions of the requirements elicitation phase. In section 3, we 

summarize the results of one of the most authoritative work in reviewing the use of 

ontologies in requirements engineering, that reviewed published works until 2013 and 

the paper itself is published in 2015. In section 4, we review some of more recent 

works on the use of ontologies in requirements engineering. The discussion is 

presented in section 4 and we draw the conclusions in section 5. 

The requirements elicitation and analysis process 

In this paper, we are interested in the requirements elicitation and analysis task only. 

There are activities that precede this task such as feasibility study and other activities 

that follow this task such as requirements modelling and validation. Different 

stakeholders are involved in this phase and communication is sometimes challenging 

as they may have different priorities and may favor different notation and 

terminologies. Sommerville [2, pages 101- 102] identified four different activities in 

this task. The following subsections will provide a short description of these activities 

as defined by Sommerville [2]. 

Requirements discovery 

This phase is the start of the requirements engineering phase. Its purpose is to identify 

the system requirements from all the various requirements categories. The discovery 
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phase uses many techniques to elicit the requirements and include, the study of existing 

organizations’ documents, the study of the requirements of the existing system.  

interview of the various stakeholders, questionnaires and in some instances observing 

how the current system and users operate and use the current system. 

Requirements Classification and Organization 

It is known that during the requirements elicitation phase, stakeholders have different 

priorities for the future system requirements. Furthermore, some of these requirements 

are conflicting. This task is concerned with solving these two major issues. That of 

setting priorities for the elicited requirements and resolving the conflicts between the 

stakeholders. This resolution is conducted through negotiations and to agree on a 

compromise. 

Requirements Specification 

In the requirement discovery activity, the requirements are developed in natural 

language (NL). During requirement specification, these requirements are transformed 

into a language that is acceptable by the developers and able to remove the ambiguities 

present in NL documents. Specifications can be developed using a graphical notation 

such as UML or in formal languages such as VDM and Z [10]. In the following 

section, we will review one of the most important early studies that reviewed works 

that use ontologies in requirements engineering.. The formatter will need to create 

these components, incorporating the applicable criteria that follow. 

II  BACKGROUND 

Dermeval et al. [11] conducted a review in 2015 on the applications of ontologies in 

requirements engineering. This is one of the strongest studies in this area and have 

reviewed publications up to 2013. They stated that some studies investigated the use of 

ontologies in software engineering and RE but did not achieve properly their goals. The 

aim of their study was to understand how ontologies were used in the requirements 

phase, which types of requirements they are supporting and whether ontologies have 

contributed to solving some of the problems that are inherent to requirements 

engineering. Their study aimed at answering seven research questions that are well 

defined and motivated. In their study they have used the categorization of the RE phases 

as defined by Kotonya and Sommervile [12] and these were (i) elicitation; (ii) analysis 
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and negotiation; (iii) specification; (iv) validation and (v) management . To the question 

which phases of the RE process are supported by ontologies, the study found that 83.6% 

of the studies supported Specifications, 58.2% supported Analysis and negotiations, 

35.8% Management and 25.4% Elicitation and 6% validation. Note that some 

publications support more than one phase. To the question that identifies the types of 

software requirements modelling styles used together with ontologies the study found 

that 49.3% support textual requirements, 23.9% support UML, 19.4% scenario-based 

requirements, 17.9% support Goal- oriented requirements and the rest of the 

publications support other types of requirements’ styles such as feature models, 

business process models and formal language. The question on the use of ontologies to 

describe functional and non-functional requirements, the study find that 52.24% support 

functional requirements, 2.99% for non-functional requirements and 44.78% support 

both. To the question of the contributions in ontology-driven RE i.e. the problems they 

are attempting to address, 56.72% are used for ambiguity, inconsistency and/or 

incompleteness detection; 35.82% for requirements management/evolution; 26.87% for 

domain knowledge representation and the other studies were used for other problems 

such as integration between requirements and architecture, requirements models 

interoperability and goal decomposition. For research question five, ontology-related 

languages used in RE, the majority of the ontologies identifies use the OWL language 

(49.3%), followed by SPARQL (10.4%) and description logics (7.5%). The rest of the 

ontologies use other less popular languages (RDF, XML, UML, XSPARQL etc). The 

purpose of the sixth research question was to identify the studies which reused 

ontologies developed in other studies in the context of RE. This is not of importance to 

this review. Finally, research question seven looked at the benefits of using ontology in 

the requirements process. 61.2% of the studies reported positive impact but without any 

empirical evaluation. 37.3% reported a positive impact with empirical evaluation. Only 

one study (1.5%) reported a negative impact with an empirical evaluation       . To 

conclude, this study has shown that most efforts on the use of ontologies in the RE are 

for requirements specifications, mainly for functional requirements using the OWL 

language. Ontologies are mainly used with requirements written in natural language and 

used mainly to solve the ambiguity, inconsistency, incompleteness detection and 
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requirements management and evolution. In general, ontologies have a positive impact 

on RE but a large proportion of these studies were not empirically evaluated. 

III Related works 

In this section, we will review some of the works that are published after 2013 and 

assess if there has been a shift in the use of ontologies in the requirements engineering 

process . Liu [13], developed a mechanism for automatically detecting conflicts in non-

functional requirements. He developed a tool, CDNFRE, that include four essential 

elements namely metadata, ontology, cause-and-effect relationship, and conflict 

detection rule. The ontology was used to store concepts and semantic relationships. By 

applying ontology concepts, the system analyst can provide the metadata needed to 

model the non-functional requirements. This study was one of the few studies that 

attempted to deal with non-functional requirements and specifically dealing with 

conflicts during the maintenance phase . Nguyen et al. [14] proposed a framework that 

integrates goal and use cases. The GUI-F framework provides an automatic support for 

the detection and resolution of incompleteness, incorrectness and inconsistency in 

natural language goal and use case. The natural language specifications are transformed 

semi automatically into Manchester OWL Syntax for automated reasoning. The 

framework generates explanations for the detected problems and is able to suggest 

repairing alternatives . Provenzano et al. [15] proposed SARE, a new Safety 

Requirements Elicitation method that is based on a Hazard Ontology. The ontology is 

used to capture the knowledge about hazards identified during the safety analysis, and 

structured it as hazard's components and relations among them. This information is then 

used by the SARE approach to create a list of questions which guide the analyst in the 

requirements elicitation. Answering the questions is a part of the elicitation process to 

capture the safety requirements that are correct with respect to the hazard they are 

supposed to mitigate. Alkhammash [16], developed a prototype that generates 

requirements in the formal method By using an OWL ontology. His approach makes 

use of OWL ontologies to incrementally develop traceable Event-B models. Attempto 

Controlled English (ACE) is used to derive textual requirements from OWL ontologies 

and then map ACE-driven requirements to Event-B models. He applied his prototype in 

developing safe, secure, and reliable smart city systems. Alshehri et al. [17] proposed a 
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novel framework for the semantic processing of software requirements based on the 

concept of an ontology. The aim of their work is to enable software developers to elicit 

software requirements and implement structures that suit particular requirements. The 

proposed ontology has two components: requirement elicitation and reusable parts . The 

solution aims to incorporate an intermediate step involving conceptual design work. 

The additional step is actually a new method for mapping UML to OWL. This approach 

provides an opportunity for a formal representation of a domain knowledge. The 

challenge is that conventional engineering approaches do not rely on ontology 

representations using Semantic Web Languages. Therefore, the proposed solution will 

seek to adapt Protégé to support the addition of ontology languages. The solution 

involves two major steps. The first step is analyzing XLST processors that is the .NET 

Framework Class Library and XML Spy to generate OWL files by using XSLT file as 

the input to enhance the mapping rules generated with Poseidon using OUP. H. Li, 

Ma and Yao [18] designed an ontology-based knowledge base to describe the 

credibility related concepts. The ontology-based knowledge is then used to elicit and 

model the trustworthiness requirements. Mahmoud et al I.[19] provided a framework 

for reducing requirements errors during earlier requirement engineering activities and 

achieving software project's success with high quality. Furthermore, the framework 

represented the software project requirements in double layer presentation. The first 

layer is the ontology layer that is constructed from textual requirements by using natural 

language processing software integrated with a java tool and protégé, an ontology 

modeling tool. The second layer is the concept maps layer; concept maps are generated. 

The first layer that contains ontology is a formal layer constructed based on a form of 

textual requirements to provide an explicit specification. 

J.Yousef and Almarabeh [20] proposed a requirement elicitation framework 

starting with organization business organization process and build a CRUD matrix 

which provides all possible relationships between entities and functions of the system 

and generated relationship between entities and functions. This framework was 

evaluated using real case study the cancer care and registration in Jordan. Figure 2 

illustrated the proposed framework. Elliott and Allen [21] Developed a methodology 

with automated support for producing software requirements specification that includes 
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requirements engineering data elements recommended in the Software Engineering 

Body of Knowledge (SWEBOK). Presented as seven use cases and an ontological 

framework, it also presents three empirical retrospective case studies that demonstrated 

the practicality of the methodology. The case studies also demonstrated that the 

ontology is readily customized for various application domains. They conclude that the 

ontological support is a promising way to enhance processes that produce a software 

requirements specification then build Ontology. The ontology also encoded data 

elements in the Software Requirements Knowledge Area of the SWEBOK. to extract 

software requirements from an OWL/RDF ontology and format them in simple text 

files. They then automatically create a software requirements specification document. 

Ermolayev [22] developed a methodology for evaluating the fitness of an existing 

ontology to the requirements of the knowledge stakeholders in a domain of requirement 

elicitation and demonstrated thorough indirect elicitation, ensuring completeness, 

correctness of interpretation, using in ontology evaluation of these requirements is a 

must for ontology engineering. The approach used in the reported research is based on 

the use of  OntoElect – the methodology for ontology refinement and the workflow of 

ontology of OntoElect contains three phases: feature elicitation, requirements 

conceptualization, and ontology evaluation and elicits the set of terms extracted from a 

saturated collection of documents in the domain and using term significance in the form 

of numerical scores. Finally, the mappings are specified between the elements in the 

requirements and ontology elements .Nguyen et al. [23] developed a knowledge-based 

requirements engineering framework (KBRE) for eliciting, elaborate and detecting 

inconsistencies in requirements engineering. In KBRE domain knowledge and 

semantics of requirements are centralized. Nguyen et al [24] tool provided an automated 

analysis of goals and use cases for incompleteness, incorrectness and inconsistencies 

and also enables the generation of problem explanations and resolution alternatives. 

Their GUITAR tool is based on goal-use case integration meta-model and the ontology 

of the domain knowledge and semantics.de Graaf et al [25] described the usefulness of 

Software Architecture (SA) documentation that depends mainly on how well its 

Architectural Knowledge (AK) can be retrieved by the stakeholders in a software 

project. They have shown that the use of an ontology-based (SA) documentation, 
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describing different roles in software development have different needs for AK. This 

approach involves the use of typical questions for eliciting and constructing an ontology 

and depends on eight contextual factors especially in complex software projects with 

diverse AK users. A case study was used for acquiring and modeling AK needs. The 

results show this approach can improve the AK descriptions and retrieval. Mammar and 

Laleau [26] developed a goal-based approach in which the building of an initial formal 

model (in Event-B) is driven by a goal-oriented requirements engineering model 

(SysML/KAOS) and defined a set of rules to derive a partial Event-B to enhance the 

goal model in order to obtain a more complete formal specification and advocate the 

specification of a domain ontology to share common understanding of the structure of  

different applications to enhance and useful for complex systems to explicit and make 

clearer the domain knowledge use class and object diagrams are then specified to detail 

its components and their relationships and describe how the ontology and the structural 

model are translated into Event-B and illustrated through a landing gear 

system.Rashwan et al [27] developed a novel manually annotated (gold standard) 

corpus for sentence-based classification of requirements and focus on non-functional 

requirements. The corpus can be used for many automated analysis tasks and also 

worked improve semantic tool support for the domain of requirements engineering. 

Furthermore, they developed a new classification algorithm for the automatic 

categorization of requirements in software specifications . the results of this work will 

be of interest to researchers as well as practitioners from industry, who are interested in 

estimating the effort for building requirements in general and improving software 

quality in particular, and use measurement data in requirements engineering. In 

addition, they used the ontology to transform software requirements documents into a 

semantic representation automatically, and to estimate the cost of the software system 

and measure the quality of the written requirements. S. Morales-Ramirez et al. [28] 

developed a novel user feedback ontology specified in OntoUML and focused on online 

feedback given by users upon their experience in using a software service or application 

from different customer evaluation that is expressed in terms of quality–price 

comparison of similar products and then recommendation to people to buy (or not) the 

product as the summary of a product an ontology apply to online user feedback in 
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general added specific entities that are needed when we consider user feedback in 

software application domain.Rastgoo1et al [29] developed an approach for automated 

generation of requirements ontology using UML diagrams in service-oriented 

architecture (SOA). Furthermore, the goal of this paper is to convenience progress of 

software engineering processes like software design, software reuse and service 

discovery. The proposed method is based on four conceptual layers. The first layer 

includes requirements achieved by the stakeholders, the second one designs service-

oriented diagrams from the data in the first layer and extracts XMI codes from them. 

The third layer includes requirement ontology and protocol ontology to describe the 

behavior of services and relationships between them semantically. The forth layer 

makes standard the concepts that exists in the ontology of the previous layer and also 

this method can extend to other design diagrams such as sequence diagrams and activity 

diagrams. Sanya and Shehab [30] developed a novel knowledge-based engineering 

(KBE) framework that enabled product design systems within the aerospace industry 

and the aim of this paper is to strengthen the structure, reuse and portability of 

knowledge consumed within (KBE) the system. The proposed framework uses an 

ontology-based approach for semantic knowledge management and adopts a model-

driven architecture and uses the following phases (1) Capture knowledge required for 

KBE system; (2) Ontology model construct of KBE system; (3) Platform-independent 

model (PIM) technology selection and implementation and (4) Integration of PIM KBE 

knowledge with computer-aided design system .and also this paper has illustrated the 

need to address the portability quality attribute/non-functional requirement of a KBE 

system and ensure this is reflected in the KBE system architecture. 

Discussions 

This section starts with a discussion about the scope of this review and summarize some 

of related works that uses or developed approaches or method used in requirement 

engineering (RE) using ontology. The scope of the review is focuses on how ontology's 

are employed in RE, in terms of their use in the RE process of software requirements 

modeling, ontology languages, framework and usage in requirement elicitation. All of 

the papers in this review uses the ontology to develop methods or to build algorithms to 

enhance the requirement engineering. The use of the ontologies has shown to solve 
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many of the classical issues inherent to requirements engineering such as 

incompleteness, ambiguities, and validation. The ontologies have expanded to use of 

knowledge engineering that is used in the eighties and nineties, as an approach to 

improve software requirements that remains albeit many efforts the most problematic 

phase of software engineering. The introduction of AI in software engineering in 

general and requirements engineering in particular has improved most of the phases of 

the software engineering process [30]. The development of domain specific ontologies 

to support requirements elicitation is a research direction that can provide further 

improvements and solid solution to current problems. 

Conclusions 

The main goal of the paper is to improve the understanding of how ontologies support 

requirement engineering to identify evidence of its use in this field of requirement 

engineering. About ten papers presented a novel methods and approaches used in 

requirement engineering using ontology to enhance the requirement engineering 

elicitation and avoid ambiguity in terms and inconsistence, incompletely of requirement 

engineering. some of paper also shows the framework use in requirement engineering to 

develop the process of collection of requirement and modelling using tools like UML 

(Unified modelling language) and also some of paper used OWL (ontology web 

language) to write the requirement engineering to help the stakeholders and developer 

to understanding the requirement engineering. There seems to be more interest in the 

last few years to work on requirements elicitation issues instead of requirements 

specifications. Another aspect is the interest in non-functional requirements and further 

developments of domain specific ontologies. The use of OWL as the language for the 

description and specification of ontologies remains the language of choice. 
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