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requirements is that when code and/or designs are updated, it is often the case that requirements and specifically the requirements 
document are not updated. Hence ending with a requirements document not reflecting the implemented software.  
Generating requirements from the design and/or implementation document is seen by many researchers as a way to address the 
latter issue. This paper presents a survey of some works undertaken in the field of generation natural language specifications 
from object UML model using the support of an ontology. and analyzing the robustness and limitations of these existing 
approaches. This includes studying the generation of natural language from a formal model, review the generation of natural 
language from ontologies, and finally reviews studies about check to generate natural language from OntoUML. 
 
© 2021 The Authors. Published by ELSEVIER B.V.  
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0) 
Peer-review under responsibility of the scientific committee of the 5th International Conference on AI in Computational 
Linguistics 
Keywords: Requirements Specification, Natural Language Generation, Object UML Model, Ontology. 

 

 
* Corresponding author. E-mail address: alaaabdelazheim@yahoo.com 

 

Available online at www.sciencedirect.com 

ScienceDirect 

Procedia Computer Science 00 (2019) 000–000  
www.elsevier.com/locate/procedia 

 

1877-0509 © 2021 The Authors. Published by ELSEVIER B.V.  
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0) 
Peer-review under responsibility of the scientific committee of the 5th International Conference on AI in Computational Linguistics 

 

5th International Conference on AI in Computational Linguistics 

A review of the generation of requirements specification in natural 
language using objects UML models and domain ontology 

Alaa Abdalazeima1 and Farid Mezianeb 
aUniversity of Bahri, Sudan 

bUniversity of Derby, UK  

Abstract 

In the software development life cycle, requirements engineering is the main process that is derived from users by informal 
interviews written in natural language by requirements engineers (analysts). The requirements may suffer from incompleteness 
and ambiguity when transformed into formal or semi-formal models that are not well understood by stakeholders. Hence, the 
stakeholder cannot verify if the formal or semi-formal models satisfy their needs and requirements. Another problem faced by 
requirements is that when code and/or designs are updated, it is often the case that requirements and specifically the requirements 
document are not updated. Hence ending with a requirements document not reflecting the implemented software.  
Generating requirements from the design and/or implementation document is seen by many researchers as a way to address the 
latter issue. This paper presents a survey of some works undertaken in the field of generation natural language specifications 
from object UML model using the support of an ontology. and analyzing the robustness and limitations of these existing 
approaches. This includes studying the generation of natural language from a formal model, review the generation of natural 
language from ontologies, and finally reviews studies about check to generate natural language from OntoUML. 
 
© 2021 The Authors. Published by ELSEVIER B.V.  
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0) 
Peer-review under responsibility of the scientific committee of the 5th International Conference on AI in Computational 
Linguistics 
Keywords: Requirements Specification, Natural Language Generation, Object UML Model, Ontology. 

 

 
* Corresponding author. E-mail address: alaaabdelazheim@yahoo.com 

2 Alaa Abdalazeim and Farid Meziane/ Procedia Computer Science 00 (2019) 000–000 

 

 

1. Introduction and motivation 

In the software development lifecycle, requirements engineering is an important phase because it determines 
client wishes, and the remaining development phases are based on it [1]. Hence, any error in requirements means 
reworks that consume time and require additional costs [1]. The requirements phase is a collaborative process 
involving end-users, domain experts, and analysts to write the requirements in natural language that may be 
incomplete and inconsistent then the analysts will convert them into formal or semi-formal models which are often 
not well understood by end-users but favored by the designers and developers [2]. Furthermore, modifications in the 
final stages are often not reflected in the requirements specifications [1]. This creates inconsistencies between 
requirements specification documents and system (design/implementation) documents, therefore, the design of a 
framework to generate specification in natural language from object model specified in the Unified Modeling 
Language (UML) and an ontology to align the modifications that would have been made in the code or design with 
the requirements and validate the consistency is a significant step to address the issue of consistency. Most recent 
works provide systems and frameworks to automate requirements specification transformation into formal models 
such as UML use cases and class diagrams which means checking the consistency in a forwarding approach. Little 
research attempted to align the modification of design or code to requirements specification. 

This survey paper reviews the generation of specification in natural language from the object UML model using 
an ontology that enables communication with the stakeholders to reduce ambiguities in the use of terminologies and 
facilitate communication between the stakeholders. The remaining of the paper is organized as follows. Section2, 
will provide some background to the current study and will introduce the requirements specification phase, Natural 
Language Generation (NLG) and ontologies. In section 3, we review some of the most important works in 
generating Natural language requirements from various models. We discuss the outcome of the review in section 4 
and conclude in section 5. 

2. Background   

In this section, we will introduce the background information that is needed to understand this review paper. We 
will particularly introduce software requirements specification, natural language generation systems and ontologies.  

2.1. An overview of software requirements specification 

A software requirement specification (SRS) is a document that represents an agreement between the client and 
the software developer. It specifies the client’s requirement and can also be used to validates the final product [3]. 
Furthermore, IEEE defined SRS as “A specification for a particular software product, program, or set of programs 
that perform certain functions in a specific environment” [4]. In addition, [4] described a good SRS document as one 
that is Correct, Unambiguous, Complete and Consistent. In the majority of cases, SRS are written in natural 
language as this is probably the only language that clients can understand and are comfortable to sign. It is reported 
that up to 20-25% of the project time is spent in defining the requirements [3]. The remaining development phases 
of software are based on SRS. SRS are transformed into formal or semi formal specifications before they are further 
transformed to design models and then implementation using programming languages.  

2.2. A brief introduction to natural language generation systems 

Natural language generation systems (NLGS) are computer systems that can produce understandable texts in 
human languages from some underlying non-linguistic representation of information [5,6]. They are therefore a 
mapping from some kind of representation to natural languages. The achieve this goal, NLGS are structured into a 
set of tasks.  The number of tasks and sometimes subtasks differ from one approach to another. Reiter and Dale [5] 
divided the process of NLGS into six distinct tasks and these are summarized as follows: 
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of software are based on SRS. SRS are transformed into formal or semi formal specifications before they are further 
transformed to design models and then implementation using programming languages.  

2.2. A brief introduction to natural language generation systems 

Natural language generation systems (NLGS) are computer systems that can produce understandable texts in 
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•  Content determination. This is the process of determining which information will be included in the text [7]. The 
output of this task is usually a set of objects data and their relationships which are referred to as messages. Most 
recent research use data-driven techniques and a cluster approach with content determination [6]. 

• Text structuring (Discourse planning). In this task we define an order for the content defined and generated in 
the previous task [5]. The techniques used in this phase include handcrafted rules, domain-dependent structuring 
rules and the Rhetorical Structure Theory [6]. 

•  Sentence aggregations. The ordered messages generated in the previous task are aggregated in this task to 
generate meaningful sentences. The sentences themselves can be aggregated to make the text more readable, 
remove redundancies and enhance the fluency of the text [5,7].  Early systems used domain dependent 
relationships and knowledge to perform sentence aggregation but more recent works data-driven and machine 
learning approaches.  

•  Lexicalization. Lexicalization is the process of deciding which specific words and phrases should be chosen to 
express the information [5]. This is a complex task as in Natural language some events and processes can be 
described in different ways. It is reported in [5] that lexicalization is particularly important when generating 
multilingual texts.  

• Referring expression generation. Reiter and Dale [5] defined referring expression generation as “the task of 
selecting words or phrases to identify domain entities” and to distinguish it from the lexicalization phase  added 
that this should be a discrimination task “where the system needs to communicate sufficient information to 
distinguish one domain entity from other domain entities”. Some approaches uses for this task are described it 
[6].  

• Linguistic realizations. In this phase, grammar, orthography, and morphological rules are used to produce correct 
sentences.  There are many approaches that are used in linguistic realization and this include [7] human-crafted 
templates, human-crafted grammar-based systems and statistical. 

2.3. Ontologies 

In 1993, Gruber defined an Ontology as an “explicit specifications of conceptualizations” [8] which defines a 
common vocabulary for a knowledge domain [9]. An Ontology involves a set of concepts such as entities, attributes, 
process, and their relationship and this is referred to as the conceptualization of a specific domain [10]. Furthermore, 
Ontologies support the sharing of information structures, the reuse of domain knowledge, and the clarification of 
domain assumptions [10]. Ontologies are classified into different types depending on their usage and this include:  

• Top-level Ontology: being in support of a wide view of the world appropriate for several target domains. 
• Reference Ontology: aims to the structuring of ontologies derived from them. 
• Core Ontology: derives from the definition of a super domain. 
• Application Ontology: appropriate to use in reasoning engines or software packages. 

 
Valaski et al. (2016) claim that an ontology can assist in (i) identifying problems in specification and models; (ii) 

improving communication; (iii) building models more accurate and (iv) permitting traceability among artifacts and 
enhances the requirements identification quality [11]. Within the context of this paper, we are more interested 
application ontologies and specifically, those that are designed and developed to support the requirements 
engineering phase of software development.  

3. Generating natural language specifications from software models: state of the art 

In this section, we will review two types of works. First, we will review systems that attempted to generate 
natural language specifications from Software models. In the second subsection, we will review systems that 
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generate natural language from ontologies. These two approaches are complementary when used to generate natural 
language specifications.  

 

3.1. Transformation formal model into NL specification 

Hudaib et al. [12] suggested a bidirectional model to convert natural language requirements written in English 
into UML and then generate natural language specifications from UML models. The natural language specification 
is preprocessed to generates XML representation to input the natural language requirements and XML schema 
representation is used to generate both UML diagrams and natural language specification. They used the MIMB tool 
(http://www.metaintegration.com/Products/MIMB/SupportedTools.html?find=cosort) to convert XML into UML 
and vice versa and the GATE (https://gate.ac.uk/) tool for natural language processing. To evaluate their system, 
they collected a set of requirements from academic research that have been used for the evaluation of similar 
systems. One of the limitations of this work is the use of an XML dataset for the evaluation of their system. In 
practice, models are not expressed in XML. 

 
Fockel and Holtmann [13] proposed a bidirectional model to convert between requirements-based model and a 

controlled natural language (CNL) and reverse. Their system is developed into a full methodology taking the 
advantages of both models namely model-based and CNL. They have used an automotive example as a case study to 
illustrate their methodology. They evaluated the transformation between the two models by measuring the execution 
time of the transformation runs in different use cases. One of the limitations of this work is its evaluation as it 
measures just the execution time of the transformation without measuring the quality of the generated natural 
language requirements.  

 
In [14] Goto et al. present an approach to create scenarios from a conceptual model by generating an event list of 

scenarios from Use Case Correspondence Models (UCCM). Each generated event contains a flag as a checkpoint to 
identify requirements. Eventually, software engineers and clients describe the requirement based on a flag. They 
evaluated their approach by comparing the requirements created from the event list and the manual requirements 
created by the software engineers. 

 
Burke and Johannsson [15] developed a tool to transform formal software specifications into natural language. 

They added formatting and automatic generation of grammar modules for domain-specific vocabulary [17]. Meziane 
et al. [1] developed the GeNLangUML system to generate natural language specification from UML models by 
developing rules and use of WordNet and a linguistic ontology to remove ambiguities. They have evaluated their 
system using academic case studies.  Brosch and Randak [16] developed a tool to enable automatic generation of 
textual specification from a class diagram using standard phrases into the natural language using the Eclipse Plugin.  
Their study is developed to only assist students in the software engineering field to generate textual specifications 
from a class diagram model.  

 
 Burden and Heldal [17] used a hotel reservation system to illustrate their system that generates natural language 

from Executable and Translatable UML (xtUML). They considered only the static part of the platform-independent 
model. Their method for transformation contains two steps: (1) the class diagram xtUML model was transformed 
into an intermediate linguistic model using the Grammatical Framework. (2) The linguistic model is transformed 
into a natural language text. They used xtUML - which is more restricted than UML - with Bridge Point as xtUML 
tool.  

 
Landhaußer et al. [18] designed a Requirements Engineering Feedback System (REFS) to ensure the model and 

the natural language specification are consistent when the models change. They have defined two models, the initial 
model (Mi) and the changed model (Mc) these are continually compared and synchronized using EMFCompare of 
the Eclipse Modeling Framework to compute the difference between Mi and Mc. They used the WHOIS protocol 
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specification as a case study and evaluate their approach by experiment on three requirement specification. Besides, 
Pattanotai [19] proposed a method to automatically generate class description in two steps: (1) the class diagram 
component transmitted into a tree data structure (2) generate a class description for the class component tree. He 
evaluated his method by implementing a desktop application using C# language which generates class descriptions 
from class diagram. Zontek [20] developed a new software tool FLOOR which integrates domain ontology and 
requirements ontology to enable real-time feedback concerning to quality of new requirements.    

3.2. Generation natural language from Domain ontologies 

In the requirements process the Ontology ensures consistency and aid reasoning, therefore, an ontology-based 
requirements specification tool could assist in reducing misunderstanding and misinformation [9]. It is worth 
mentioning that Bontcheva [21] stated that an Ontology should be engaged with the requirements engineering phase. 
Reviewing this type of work is important as ontologies are the backbone for the NLGS when applied to 
requirements engineering.  

 
Bontcheva and Wilks [22] developed the MIAKT approach (Medical Imaging and Advanced Knowledge 

Technologies) which uses NLG tools for generating reports from a domain ontology encoded in semantic Web 
standards such as OWL and RDF. Androutsopoulos et al. [23] developed three methods to generate a textual 
description of objects from symbolic information by employing OWL ontology and using M-PIRO’s multilingual 
generation system as an example.  Schutte [24] proposes a system to generate natural language descriptions for 
classes of Ontology. Angeli et al. [25] designed a generation system that executes content selection and surface 
realization in a domain-independent framework using three domains Robocup sportscasting, technical weather 
forecasts, and common weather forecasts the system evaluated by BLUE score and human evaluation. 

 
Stevens et al. [26] proposed an application to generates text-based definition of Ontology entities using natural 

language generation NLG processes. Their application for Experimental Factor Ontology (EFO) was evaluated 
using a survey to test the fluency of generated text. Androutsopoulos et al. [27] developed the Natural OWL System 
which is an open source that support English and Greek language to generate fluent and coherent multi-sentence 
texts which describe individuals or classes of OWL ontologies with better-generated text with the domain-dependent 
linguistic resources.  

 
Cimiano et al. [28] designed a Natural Language Generation system that used RDF data to generate Natural 

language text depending on Ontology and Ontology lexicon through the natural language generation process. They 
use the cooking domain as a case study and evaluated the fluency of the generated text with cooking novices and 
advanced cooks. Similarly, Dong and Holder [29] designed a Natural language engine to generate English natural 
language from the RDF graph.  

 
Braga and Almeida [30] proposed an approach to assess conceptual models by initiating narratives stories about a 

subject domain so that these stories can assist in conceptual model validation. They used domain of Software 
Configuration Management as an example to view the approach. Furthermore, Cojocaru et al. [31] developed an 
application to generate natural language from ontology using Rhetorical Structure Theory which structures 
hierarchically the ontological content to be in human-like. Elliott and Allen [32] developed a methodology to 
generate software requirement specification using an Ontology in IEEE standard format. Their methodology offered 
seven use cases and ontology framework and evaluated using three case studies. 

4. Discussions 

In this paper, we presented a comprehensive review of the generation of natural language from the object models, 
domain ontology, XML, and OntoUML and discussed various issues related to each approach. The paper organizes 
the previous work into three categories: (1) the transformation of the formal model into natural language 
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specification; (2) Generation of natural language from domain ontology; (3) Generation of natural language by 
reverse XML to UML. We finally reviewed the studies that propose the OntoUML model as the way to generate 
natural language. We found that most research in transforming software models into natural language specification 
propose tools or systems to generate natural language using XML schema, developed rules, created templates and 
tree data structure. The use and introduction of ontologies to generate text has provided the rigour that other 
approaches lacked in the past. The most successful systems are those that are domain dependent and use a domain 
ontology. This makes the generalisation of such approaches difficult. One way of dealing with this issue could be 
the use of several ontologies where for each domain a specific and related ontology will be selected. There are many 
lessons that can be learned from the systems that generated natural language texts from ontologies which are 
encoded in OWL and RDF. Eventually, several studies start to evaluate the expressiveness of OntoUML compared 
to UML also assess the possibility of generating natural language from OntoUML. 

5. Conclusions 

Keeping consistency between software requirements is an important aspect in the software development process 
as this keep the mapping between the different phases. This also helps software maintenance and particularly when 
the developers involved in the initial system have left the organization. Natural language generation has gained 
maturity over the last few years and the generation of software specifications from various design models are 
gaining in maturity. The introduction of ontologies and particularly domain specific ontology has improved the 
quality of the generated text and provided consistency between the various models. . 
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specification as a case study and evaluate their approach by experiment on three requirement specification. Besides, 
Pattanotai [19] proposed a method to automatically generate class description in two steps: (1) the class diagram 
component transmitted into a tree data structure (2) generate a class description for the class component tree. He 
evaluated his method by implementing a desktop application using C# language which generates class descriptions 
from class diagram. Zontek [20] developed a new software tool FLOOR which integrates domain ontology and 
requirements ontology to enable real-time feedback concerning to quality of new requirements.    
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requirements specification tool could assist in reducing misunderstanding and misinformation [9]. It is worth 
mentioning that Bontcheva [21] stated that an Ontology should be engaged with the requirements engineering phase. 
Reviewing this type of work is important as ontologies are the backbone for the NLGS when applied to 
requirements engineering.  
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Technologies) which uses NLG tools for generating reports from a domain ontology encoded in semantic Web 
standards such as OWL and RDF. Androutsopoulos et al. [23] developed three methods to generate a textual 
description of objects from symbolic information by employing OWL ontology and using M-PIRO’s multilingual 
generation system as an example.  Schutte [24] proposes a system to generate natural language descriptions for 
classes of Ontology. Angeli et al. [25] designed a generation system that executes content selection and surface 
realization in a domain-independent framework using three domains Robocup sportscasting, technical weather 
forecasts, and common weather forecasts the system evaluated by BLUE score and human evaluation. 

 
Stevens et al. [26] proposed an application to generates text-based definition of Ontology entities using natural 

language generation NLG processes. Their application for Experimental Factor Ontology (EFO) was evaluated 
using a survey to test the fluency of generated text. Androutsopoulos et al. [27] developed the Natural OWL System 
which is an open source that support English and Greek language to generate fluent and coherent multi-sentence 
texts which describe individuals or classes of OWL ontologies with better-generated text with the domain-dependent 
linguistic resources.  

 
Cimiano et al. [28] designed a Natural Language Generation system that used RDF data to generate Natural 

language text depending on Ontology and Ontology lexicon through the natural language generation process. They 
use the cooking domain as a case study and evaluated the fluency of the generated text with cooking novices and 
advanced cooks. Similarly, Dong and Holder [29] designed a Natural language engine to generate English natural 
language from the RDF graph.  

 
Braga and Almeida [30] proposed an approach to assess conceptual models by initiating narratives stories about a 

subject domain so that these stories can assist in conceptual model validation. They used domain of Software 
Configuration Management as an example to view the approach. Furthermore, Cojocaru et al. [31] developed an 
application to generate natural language from ontology using Rhetorical Structure Theory which structures 
hierarchically the ontological content to be in human-like. Elliott and Allen [32] developed a methodology to 
generate software requirement specification using an Ontology in IEEE standard format. Their methodology offered 
seven use cases and ontology framework and evaluated using three case studies. 

4. Discussions 

In this paper, we presented a comprehensive review of the generation of natural language from the object models, 
domain ontology, XML, and OntoUML and discussed various issues related to each approach. The paper organizes 
the previous work into three categories: (1) the transformation of the formal model into natural language 
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specification; (2) Generation of natural language from domain ontology; (3) Generation of natural language by 
reverse XML to UML. We finally reviewed the studies that propose the OntoUML model as the way to generate 
natural language. We found that most research in transforming software models into natural language specification 
propose tools or systems to generate natural language using XML schema, developed rules, created templates and 
tree data structure. The use and introduction of ontologies to generate text has provided the rigour that other 
approaches lacked in the past. The most successful systems are those that are domain dependent and use a domain 
ontology. This makes the generalisation of such approaches difficult. One way of dealing with this issue could be 
the use of several ontologies where for each domain a specific and related ontology will be selected. There are many 
lessons that can be learned from the systems that generated natural language texts from ontologies which are 
encoded in OWL and RDF. Eventually, several studies start to evaluate the expressiveness of OntoUML compared 
to UML also assess the possibility of generating natural language from OntoUML. 

5. Conclusions 

Keeping consistency between software requirements is an important aspect in the software development process 
as this keep the mapping between the different phases. This also helps software maintenance and particularly when 
the developers involved in the initial system have left the organization. Natural language generation has gained 
maturity over the last few years and the generation of software specifications from various design models are 
gaining in maturity. The introduction of ontologies and particularly domain specific ontology has improved the 
quality of the generated text and provided consistency between the various models. . 
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