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ABSTRACT                                                      

The transition from requirements analysis to design has always been a difficult task in the 

software development process. Natural Language (NL) requirements descriptions of the 

problem domain, captured from the stakeholder, are commonly unclear and open to 

misinterpretation. To date, automated Natural Language Processing (NLP) tools for 

requirements elicitation and modelling have only limited exploration. This research aims 

to improve software development efficiency based on an automated transition from a 

textual to a dynamic software model. This research work covers the Rational Unified 

Process (RUP), and Unified Software Development Process (USDP) as their processes 

relate to how the textual requirement is modelled into Unified Modelling Language 

(UML) diagrams. This means that Natural Language Understanding (NLU) techniques 

will be used on the textual input to generate interaction diagrams. The approach to this 

research is to look at existing related work and previous solutions. The finding is that 

object-oriented models are typically generated semi-automatically from textual 

requirements and then verified by human experts in the problem domain. The results often 

fail to define accurate candidate classes, attributes, and the relationship between objects. 

This lack of satisfaction is contributed by the limited or non-existent use of an expert 

domain ontology and the use of largely unrestricted input text, making the task more 

difficult than it needs to be.  Following that, an approach has been developed that provides 

a framework for developing Unified Modelling Language (UML) software designs from 

Natural Language (NL). A technique and supporting tool have been created where 

grammatical rules are utilised to assign event flows resulting from a Use Case Model. In 

the method, a domain-oriented ontology is built, mapping to the Natural Language (NL) 



 

input and modelled domain, and this is used to help assure that the customer and analyst 

have a shared understanding of the problem domain. The ontology(s) provides the 

necessary semantic information system on which further design models can be built. The 

research makes use of the domain model from Business Management Ontology (BMO) 

and the Role Playing Game (RPG) ontology. These have been enhanced and extended to 

suit two case studies: a Point of Sale (PoS) system and a CLUEDO game. In both cases, 

responsibilities are assigned to software objects automatically using the General 

Responsibility Assignment Software Principles (GRASP) guidelines along with encoded 

using the Drools Planner. Drools Planner helps to solve the planning problem using a 

meta-heuristic algorithm that deals with each pattern constraint's complexity with score 

rules. This is the construction of UML sequence diagrams, representing the realisation of 

the use case model.  The outcomes show that the high-quality sequence diagrams can be 

generated, and the analysis also significantly improves the quality analysis model in terms 

of completeness, redundancy, understandability and correctness. The development of this 

approach for automated natural language to object-oriented analysis and design will help 

to assist software development teams by helping to produce a clearer specification and 

more reliable synthesised software model.  
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 INTRODUCTION AND MOTIVATION 

 Overview 

The majority of software defects discovered after testing and operation are the consequence of 

a lack of knowledge or misunderstanding of requirements throughout the software development 

process. (Wiegers & Beatty, 2013). Therefore, one challenge in Requirements Engineering 

(RE) is managing the changes and, most often, requirements are written and communicated in 

Natural Language (NL) ( Larman, 2002; Luisa et al., 2004; Yue et al., 2010).  

Requirements specifications are written in NL because this is usually the most natural medium 

the client can communicate with the developer. Unfortunately, often software engineers find 

the requirements specifications unclear, ambiguous and complex (Meziane et al., 2008; Mala 

& Nadu, 2006; S. F. Tjong, 2006). Thus, NLP approaches may be used to not only capture 

requirements changes but also to bridge the gap between informal requirements and conceptual 

software models. For certain inputs, Natural Language Understanding (NLU) returns inaccurate 

results that need human intervention. However, the benefits of using the NLU process in text 

parsing can be primarily characterised in terms of saved time, resource and enabling back-and-

forth natural communication between computers and human (Collobert, Weston, & Karlen, 

2000; Landhäußer, Körner, & Tichy, 2014). Additionally, the NLU parse may capture some 

aspects (accurately or inaccurately) that the reader might miss or discard. Currently, the 

generation of Object-Oriented (OO) models using an NLP-based approach is an established but 

unsolved research problem (Bozyiğit, Aktaş, & Kılınç, 2020; Osman & Zalhan, 2016). 

In this chapter, the problem statements, objectives, goals and motivation of the research work 

are presented as well as a summary of the structure of the thesis. 
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 Motivation 

One of the biggest challenges in Requirements Engineering (RE) is managing changes. 

Requirements are most often written and communicated in Natural Language (NL) (Dawood & 

Sahraoui, 2017), but unfortunately, moving from NL to software design is time-consuming and 

challenging. This research will help the requirements analyst bridge the gap between informal 

requirements and formal software models (Kof, 2005; Larman, 2004). Dawood and Sahraoui 

(2017) claimed that many IT projects fail or are not deployed on time due to incomplete 

requirements attributes. Managing mistakes and issues sooner rather than later and affordably 

is a challenge because of its critical steps and more study needs to be made on documentation, 

traceability verification and validation. 

NLP is considered a discipline within Artificial Intelligence (AI) and can be regarded as 

“human-like language processing” (Meziane & Vadera, 2009; Kof, 2004; E. D. Liddy et al., 

2003) being potentially useful in this research work because it provides a computerised 

approach to analysing text.  In requirements engineering, NLP has been utilised in requirements 

engineering in the area of analysis of system behaviour, assessment of document quality, 

identification and classification of an application (Bajwa, Samad, & Mumtaz, 2009; 

Casamayor, Godoy, & Campo, 2012). It has been adopted to facilitate the way users 

communicate and interact with various applications. Some examples are “A Biomedical Named 

Entity Recognizer” (ABNER) (Settles, 2005), “Automated Electronic Laboratory Reporting” 

(ELR)(Friedlin et al., 2008) and “Google translate” (Johnson, 2012).  

Information extraction (IE) is an ideal method for extracting structured information, which will 

be applied in this research. A survey conducted by (Kaiser & Miksch, 2005) concludes that IE 

can be used to structured, semi-structured or unstructured documents. However, fewer grammar 
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phrases are analysed for semi-structured and unstructured documents because of limited 

technology, and only some relevant information is extracted. 

This work aims to determine if a new approach using Natural Language Understanding (NLU) 

techniques can be used to automate the transition from textual requirements to a conceptual 

visualisation of a dynamic software model. In practice, this means that natural language 

understanding (NLU) techniques are used on textual data to produce UML interaction diagrams. 

An approach is illustrated by an ontology reflecting the broader domain framework used to 

create artefacts within the use case specifications beginning with the text-based use-case 

requirements. The domain-specific ontology permits the semantic mapping between the NL 

input and the modelled domain. Rules based on the well-known “General Responsibility 

Assignment Software Principles” (GRASP) (Larman, 2004) are then applied to derive 

appropriate behavioural models. Eventually, behavioural diagrams are modelled and visualised 

as Unified Modelling Language (UML) sequence diagrams.  

 

 Problem Discussion 

Several challenges remain unresolved in producing OO models from NL, as detailed in the 

following chapter. These issues include the difficulty for the software analyst in understanding 

the problem domain, incomplete requirements descriptions, limited tool support for software 

model visualisation from the text, and the steps to detailed design where class responsibility 

and collaboration must be defined in a way that creates a good design. 
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 Understanding of Natural Language (NL) Description 

In the process of requirements validation, a systems analyst will read the requirements to check 

for consistency and completeness, a manual and tedious process that mostly uncovers simple 

linguistic errors (Landhäußer et al., 2014). Later, the translation from requirements to code can 

often reduce, eliminate or distort much of the original meaning intended by the requirements. 

Another issue faced by software engineers that is relevant to the existing NLP-based CASE 

tools is the accuracy and relevancy of identified classes. Arguably, finding classes from nouns 

and noun phrases in natural language specification is not a good solution. This issue is 

particularly pertinent for an analyst who does not have a background in the domain. As a 

solution, frequent meetings with stakeholders become the only way to complete class 

identification, identify relationships between classes, and find the attributes and methods of 

those classes (Fulford, 2001). Furthermore, finding the relevant classes avoids misinterpreting 

attributes for classes, since, like classes, attributes are typically extracted from nouns or noun 

phrases (Larman, 2002; Ambriola & Gervasi, 2003; Subramaniam, Liu, Far, & Eberlein, 2004). 

Thus, some researchers claim that the word division may be mapped into three categories: noun 

(entity), verb (relationship), and adjective (value) in order to more clearly grasp the lexical 

connections among words from a sentence (Carasik et al., 1990). 

 

 Limited Number of NLP-based CASE Tools Available 

The Unified Modelling Language (UML) is widely used in Object-Oriented Analysis and 

Design (OOAD) to model the requirements. Generating UML diagrams using existing 

Computer-Aided Software Engineering (CASE) tools such as Rational Rose, Visual UML, 

Smart Draw and so forth can be very time-consuming, difficult and costly (in the case of 

commercial software). Many requirements engineering tools (Lam & Achrafi, 2014; Narawita 
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& Vidanage, 2017) only cover some parts of the software production process and just a few 

tackle the problem of specifications starting as natural language. Therefore, there is a need to 

develop intelligent NLP-based CASE tools to generate UML diagrams and executable code 

straight from user requirements (Ambriola & Gervasi, 2003; Gulia & Choudhury, 2016; 

Harmain & Gaizauskas, 2000; Mala & Nadu, 2006; Osman & Zalhan, 2016; Overmyer et al., 

2001). Luisa and Dawood et al. (Dawood & Sahraoui, 2017; Luisa et al., 2004) have surveyed 

the potential demand for these tools and concluded that most of the respondents from software 

companies are interested in using the NLP to analyse requirements documents in the early 

stages. Some of the reasons given were because these tools will be useful in training junior 

analysts to understand the process of mapping from text to object models, ease the requirements 

elicitation to the software model process, and add the capability of handling requirements 

changes. Furthermore, it was envisaged that using these tools to produce UML diagrams would 

mean less time being consumed in modelling. In the recent survey conducted by Zhao et al. 

(2021) for NLP4RE research findings, few tools to assist a variety of linguistic analytic tasks 

have been chosen. However, there is little indication that these tools have been adopted or 

approved by the industry, implying a lack of commercial application and insufficient industrial 

validation. 

1.5.1 Misinterpretation and Missing Requirements 

Ideally, requirements specification documents should be unambiguous, complete, consistent, 

modifiable, and verifiable (Benabbou, Bahloul, & Dhaussy, 2016; S. Tjong, Hallam, & Hartley, 

2006; K. E. Wiegers, 1999). The use case specification is a business document that provides a 

story of how a system, and its actors/users, will be utilised to achieve a specific goal. 

Requirements are written in different forms and using various templates which then act as the 

medium for communication with the stakeholder. It uses scenario flows written in sequence or 

‘storytelling’ manner, which often leads to missing information. In addition, the use case model 
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does not explicitly refer to objects, so information on object communication is not necessarily 

included. This problem may eventually result in system faults and will lead to major revision, 

especially during the design and implementation phases.  

1.5.2 Domain-Specific and Unreliable Semantic Text Analysis 

It is often difficult for machines to determine the semantic connotations of noun and verb 

phrases because of the domain dependency of manner and usage (Lehrer, 2008). For example, 

the verb phrase “booking” has broadly the same meaning, whether used within a hotel 

reservation system or airline ticket booking application. In contrast, the word “shift” in the 

transportation domain refers to a change from one form of transport to another, whilst in a 

restaurant application, it refers to the period of time over which a member of staff works.  

Understanding the semantics of words, especially these phrases, is essential in the automatic 

translation of NL to conceptual models. The challenges of this work are to identify the salient 

classes within a problem description alongside their attributes, describe the associations 

between the identified objects, and define the behaviour of the objects by describing the 

operations of each object (Bajwa et al., 2009; K. Li, Dewar, & R.J.Pooley, 2005; Subramaniam 

et al., 2004; Tripathy & Rath, 2015).  

1.5.3 Limited Research in Behavioural Model Mapping from Text Requirements 

Most research studies produced semi and automated modelling tools that aim to produce UML 

static diagrams (e.g. use case diagrams and class diagrams, object diagrams) and only a few 

research tools that generate dynamic diagrams (e.g. activity diagrams, sequence diagrams, 

interaction diagrams and statecharts) (Osman & Zalhan, 2016). Sin (2007) even claims that the 

generation of sequence diagrams from text requirements could be a missing link in OOAD 

research. He states that the lack of semantic content in sequence diagrams developed from text 

requirements makes them ambiguous and, therefore, difficult to interpret. This means that the 
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semantics of deeper responsibilities for system behaviour are typically left unexplored. UML 

sequence diagrams model the flow of messages, events and actions between objects or 

components. The models provide a dynamic view of the system behaviour which cannot be 

extracted from static diagrams or specifications (Song, 2001). Bolloju and Leung ( 2006), 

Kamarudin et al. ( 2015) and also Agarwal and Sinha (2003) argue that errors in sequence 

diagrams are one of the major sources of defects in the final software product.  

 Research Aim 

The research's aim is to improve the process of creating behavioural models from natural 

language text by providing a tool to assist designers in this attempt.  Furthermore, this research 

attempts to minimise human intervention in analysing the input text. In practice, this means that 

Natural Language Understanding (NLU) techniques will be used to generate Object Interaction 

Diagrams (OIDs) on text input. An approach is envisaged by editing and presenting behavioural 

models using OID models, beginning with text-based case descriptions as sequence diagrams 

from the Unified Modeling Language (UML). 

 Research Objectives 

The objectives of the research are as follows: 

a. To investigate and analyse the approaches that are presently used for extracting 

behavioural models from natural language text, to evaluate their strengths and 

weaknesses, and to identify the Natural Language Processing (NLP) techniques that 

might be incorporated in a new tool. 

b. To develop a semi-automated prototype using a domain-independent and ontology 

approach that addresses the shortcomings of existing methods. 

c. To perform an empirical assessment of the technique using the prototype in order to 

determine the tool's efficacy. 
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 Research Questions 

The Research Questions (RQs) that this research attempts to answer are: 

a. Which Natural Language Processing (NLP) techniques can be successfully applied to 

Object-Oriented Software Engineering (OOSE) to accurately produce detailed software 

design models from requirements?  

b. How can applying Natural Language Processing (NLP) to textual requirements improve 

the accuracy and/or efficiency of the translation from text to UML sequence diagrams?  

c. Is the meta-heuristic optimisation algorithm with the aid of General Responsibility 

Assignment Software Principle (GRASP) an appropriate means to effect a good OO 

design? 

 Research Contribution  

In order to answer these research questions, a new framework and tool will be established and 

demonstrated to transform the requirements specification into dynamic software models.   An 

experimental Computer-Aided Software Engineering (CASE) tool called Use Case to Sequence 

Diagrams (UC2SD) has been developed to support a new methodology which involved the 

enhancement of IE techniques, domain ontology and Class Responsibility Assignment (CRA). 

UC2SD can process the textual input by applying Natural Language Understanding (NLU) 

techniques to produce Interaction Diagrams. Starting with the text-based use case 

specifications, an approach is described; objects within the use case specifications are elicited 

and object properties extraction is performed using a domain model ontology. Eventually, 

behavioural diagrams are modelled and visualised as Unified Modelling Language (UML) 

sequence diagrams. 

This research is intended to improve the accuracy of producing behavioural diagrams from 

natural language text requirements. Aside from sequence diagrams, compilable Java program 
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code could be generated. This Information Extraction (IE) process uses Artificial Intelligence 

(AI) in NLP with the assigned rules and algorithms for accurate term extraction. This work 

includes a novel approach in applying restricted grammar rules and algorithm for the input 

requirements and ontology formation for generating a precise and complete behaviour model 

and program code. The impact of this is reflected in the importance of defining the object 

responsibility appropriately and relationships between objects. Facilitating this could increase 

the efficiency of software developers and given a high level of automation, produce cost savings 

as well. 

Overall, the thesis makes the following key contributions 

a. Provides a new framework for developing Unified Modelling Language (UML) 

software designs from Natural Language (NL) descriptions.  

b. A method and supporting tool have been developed where grammatical rules are used 

to assign event flows derived from a Use Case Model.  

c. Guidelines are established to assist software development teams by helping to produce 

a clearer specification and more reliable synthesised software models. 

 Structure of the Thesis 

The remainder of the thesis is structured as follows. Chapters 2 and 3 provide background and 

the literature review, including the evolution of Natural Language Processing (NLP) as applied 

in requirements engineering. The strengths and drawbacks of existing tools in the 

transformations of textual requirements into analysis models are presented. This assessment 

contributes significantly to the solution approach presented in the thesis and serves as a 

knowledge background. Chapter 4 discusses the methodology and main approach to the 

research. Chapter 5 outlines the Use Case to Sequence Diagrams (UC2SD) implementation, the 

deployment and tool support. An example implementation of the NLP tool General Architecture 
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for Text Engineering (GATE) demonstrates the advantages of using the approach over other 

conventional NLP platforms. Chapter 6 describes the method used to evaluate and validate 

NL2SD and presents the validation results. Chapter 7 provides the conclusion, a summary of 

contributions, and potential future extensions of the project are discussed.  
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 RESEARCH BACKGROUND 

2.1 Introduction 

Software engineering has been recognised as a discipline since the 1960s, and since then, a 

variety of new techniques and methods have been developed, such as structured programming, 

object-oriented systems, model-based development, agile software development and so forth 

(Boehm, 2006). Standard notations and tools have been developed and are now widely used 

(Sommerville, 2011). Sommerville defines software engineering as an engineering discipline 

that is concerned with all aspects of software development that deal with a process-oriented 

approach, documentation, and maintenance of a software development cycle (SDLC).  

 

Figure 2-1 Software development process overview 

Figure 2-1 illustrates how the requirements were gathered from the stakeholders and then the 

requirements are analysed, modelled and programmed to become a software product. This 
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conventional framework of SDLC is criticised for producing an unreliable software product due 

to incomplete or misinterpreted requirements (Sawyer et al., 2011; K. Wiegers, 2005), and this 

problem has continued in recent years (Benabbou et al., 2016; Fernández et al., 2017; 

Kurniawan, Lê, & Priyambadha, 2020; Zhao et al., 2021) 

This chapter gives the background study of the research project. It consists of four main features 

to define and describe the theoretical background which is essential to this research. These 

features include Requirements Engineering (RE), requirements modelling, ontology domain 

knowledge modelling, and Natural Language Processing (NLP). Under the topic of NLP, some 

examples of common NLP toolkits/frameworks are included that can be used to help in solving 

NLP problems. 

2.2 Software Process Model 

Software processes have evolved and transformed over the years. Figure 2-2 illustrates and 

marks the emergence of the most important development methodologies. It is split into: Agile, 

Structured, Software Engineering, Object-Oriented, Waterfall, and Team. The waterfall model 

was established in the mid-1970s. Meanwhile, the Iterative method has evolved from a variety 

of process models. Early on in the process, both of these approaches generate a demonstrable 

software product to gain valuable feedback from system users. 
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Figure 2-2 Software Development Methodologies (Timeline, 2017) 

In each of these Software Development Methodologies, the Software Development Life Cycle 

(SDLC) models that are used are developed as a structured approach to information system 

development that guides the processes involved from the initial feasibility study to the 

maintenance phase of the finished application. SDLC models or process model is used to guide 

the analysis, design, development and maintenance of information systems. Some many 

different methods and techniques have been used to direct the life cycle of a software 

development project, and most real models are customised adaptations of the generic models 

(Roger & Bruce, 2015). Based on the timeline, we can categorise the SDLC into plan-driven 

and iterative/agile methodologies (Larman & Basili, 2003).   

2.2.1 Plan Driven Software Development Cycles 

Software development cycles such as the Waterfall model, V-Model and Spiral Models are 

referred to as conventional approach methods and are categorised into heavyweight software 

models. These methodologies are focused on a series of sequential phases, such as identifying 

requirements, constructing solutions, testing and deployment. However, these have come under 
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attack in recent years for being too rigid and unrealistic to meet customer’s needs, especially 

the Waterfall model. 

2.2.2 Iterative and Agile Software Development Cycles 

The focus of this research work covers the Rational Unified Process (RUP) or Unified Software 

Development Process (USDP) as their processes relate to how the textual requirement is 

modelled into Unified Modelling Language (UML) diagrams. By the period in the early 1990s, 

object-oriented approaches were generally embraced in software engineering. A unified process 

model was developed to supplement UML. The Unified Approach is also referred to as the 

Rational Unified Process (RUP) after the initial leading proponent, the Rational Corporation. 

UML has become the de-facto modelling language for object-oriented software system since 

1997 and is widely used and practised (Bruegge & Dutoit, 2010; Larman, 2004). Indeed, a 

recent global survey of 228 companies has found that 42% of software development companies 

use UML use cases for documenting functional requirements (Wagner et al., 2019).  Figure 2-

3 illustrates the most frequent ways to document requirements based on Wagner et al.’s survey, 

the three most popular being all from text, i.e. free-form textual structured requirements (42%), 

semi-formal (UML) use case models (39%), and free form textual domain/business process 

models (38%). 
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Figure 2-3 The respondents gave a particular answer to the question ‘How do you document 

functional requirements?’ (Wagner et al., 2019). 

Wagner’s and team's research survey also concluded that 46 out of 196 respondents from 

various organisations used a plan-driven where the authors included RUP as one of the process 

models, as shown in Table 2-1. 

Table 2-1: Software process models used in responding organisation (Wagner et al., 2019). 

 

This RUP approach focuses on defining Use Case model from objects and classes. Analysis of 

use cases is proved to be a significant technique for requirements elicitation and obtaining 
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functional requirements. Although, most domain objects are discovered iteratively, Larman has 

suggested that use cases capture domain-level requirements, and object-oriented analysis is 

used as a bridge toward the later object-oriented design.  

 

 Figure 2-5 UML Diagrams  in Software Development Process  

Object-oriented design requires the identification of the software objects required to satisfy the 

specifications, including their properties, methods, and how they communicate and collaborate 

with each other. UML diagrams are commonly used for representing objects and their 

relationships. In order to describe objects, their properties, and relationships, static UML 

models are used. Dynamic UML models are used to describe entity states, their state transitions, 

the handling of events, and the passing of messages. Figure 2-5 illustrates the development 

process from Use Case View to Logical View and ended with Physical or Implementation 

View. The use case view consists of the Use Case and Activity/State Diagrams. Meanwhile, 

Static and Dynamic Models produce Class Diagram, Sequence Diagram and Collaboration 

Diagram, respectively. Furthermore, Component and Deployment diagrams are two diagrams 

used to describe the system architecture. Over this investigation, sequence diagrams are used 

to describe the interaction between objects and the method calls that occur during the course of 
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the running system. As shown in Figure 2-5, the classes, attributes and methods are derived 

from the use case specifications in order to build both Sequence Diagrams and Class Diagrams. 

2.3 Requirements Engineering 

Van Lamsweerde (van Lamsweerde, 2000) provides a clear definition of requirements 

engineering  (RE):  

“Requirements engineering (RE) is concerned with the identification of the goals to be 

achieved by the envisioned system, the operationalisation of such goals into services and 

constraints, and the assignment of responsibilities for the resulting requirements to agents 

such as humans, devices, and software. The processes involved in RE include domain 

analysis, elicitation, specification, assessment, negotiation, documentation, and evolution.” 

RE always comes as the front-end task of the software development project and plays a vital 

role in managing the changes in the software project (Nuseibeh & Easterbrook, 2000; Zave, 

1997). The RE achievement depends on a clear understanding of the project scope and user 

needs, modelling, validation and managing the requirements evolution. 

 

Figure 2-6 Requirements Engineering process (source: Wiegers & Beatty, 2013) 
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Weiger has split the entire requirements engineering domain into requirements development 

and requirements management, as shown in Figure 2-6. Moreover, the requirements 

development has further subdivided into elicitation, analysis, specification and validation. The 

activities in this subcomponent comprise of exploring, evaluating, reviewing, documenting and 

confirming the requirements for the product.  

The requirements development is an iterative process which involves a thorough discussion and 

frequent meeting with the clients and stakeholders to define, analyse, document and review the 

requirements. In the elicitation process, information on the stakeholder’s requirements been 

gathered and then transformed into a less ambiguous representation. Various methods are used 

to obtain the requirements, which include interviews, workshops, observation, surveys and 

questionnaires, benchmarking industry practice and analysis of the competitor’s products 

(Westfall, 2005). 

In the requirements analysis process, stakeholders’ requirements are then translated into a set 

of comprehensive and unambiguous requirements that define what the system must do and how 

it will be performed. This functional requirements and design constraint will then be presented 

in different forms which include prototypes and models, analysing the feasibility and looking 

for gaps that identify missing requirements (Virginia University, 2001). Each function 

identified during this process must revisit and trace-back to the requirements gathered. 

Requirements specification refers to “the production of a document that can be systematically 

reviewed, evaluated and approved” (IEEE Computer Society Staff, 2014). During this process, 

the requirements are documented as an artefact that will be a reference to the product 

stakeholders. This artefact may exist as a Software Requirements Specification (SRS) 

document which is written with informal or semiformal natural language descriptions. A pre-

defined format of requirements specification template has been put into practice to ensure that 
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all the requirements have been documented  (Rupp, 2004; Dias et al., 2008; Kashmira & 

Sumathipala, 2018). 

Requirements validation is the final step in the requirements development before the software 

analyst and developer baselined the requirements specification document. The document needs 

to be evaluated by formal peer reviews to ensure that they are well written, complete, and fulfil 

the client’s needs. All the processes in the requirements development need to go through one 

or more iterations between processes to ensure that defects and gaps will be identified, 

requirements, as well as other issues, have been clarified. More input and requirements 

refinement will be done to ensure that the baseline requirements are free of defect and risk. 

Requirements management will commence after the baselined requirements have been 

finalised. The objective of requirements management is to ensure that the customer, developer, 

and all stakeholders share a common understanding of what the requirements are for the project. 

Hence, the activities involved in requirements management comprises of traceability, change 

management and fulfilment. In practice, both requirements engineering and requirements 

management are an iterative process where all the activities involved are interleaved.   
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Figure 2-7 Software Requirements Relationship  ( Wiegers & Beatty, 2013) 

 

According to Wiegers & Beatty, software requirements include three different levels and types; 

business requirements, user requirements and functional requirements. This illustrates the 

relationship model on requirements information provided a valuable method for practitioners 

to elicit, assess, specify, and verify when they establish their software needs. 

In business requirements, stakeholders or organisations will describe why the system needs to 

be implemented. Sometimes this is called a vision and scope document, which define the 

stakeholder's view, needs and features of the requested system. User goals and the task will be 

described in order to perform the system in user requirements. They can be presented as use 

case specifications and scenario descriptions (e.g.: "Make a booking" for airlines, cinema or car 

rental). When developing functional requirements, which are also known as behavioural 

requirements, it is important to consider the software functionality that the developer will be 

responsible for developing. Qualities attributes of a system are documented as non-functional 

requirements. Functional, non-functional and business requirements must fulfil the 
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stakeholder's needs, and they are normally documented in the Software Requirements 

Specification (SRS). System requirements describe the high-level requirements for a system 

which include both software and hardware subsystems. Business rules include the 

computational algorithm, corporate policies, accounting practices and government regulations. 

Their descriptions include the operations, definitions, and constraints that have been put in place 

to assist the stakeholders in achieving their objectives. Some use cases might be embedded with 

the business rules (e.g. validates the ATM card information). Table 2-2 describes the types of 

requirements information as illustrated in Figure 2-7; 

Table 2- 2: Term and definition of requirements 

Term Definition 

Business Requirements  Represents high-level objectives of the organisation or customer who 

requests the system. 

User Requirements     

 

Describes user goals or tasks that the users must be able to perform with 

the product. 

Functional Requirements  

 

Specifies the software functionality that the developers must build into 

the product to enable users to accomplish their tasks, thereby satisfying 

the business requirements. 

Non-Functional 

Requirements  

Describes the property or characteristic that a system must exhibit or a 

constraint that it must respect. 

System Requirements  

 

The term system requirements describe the top-level requirements for a 

product that contains multiple subsystems to make a system. 

Business Rules     

 

Include corporate policies, government regulations, industry standards, 

accounting practices, and computational algorithms. 

Constraint 

 

Is a restriction that is imposed on the developer for the design and 

construction of the product. 

Quality attribute 

 

A kind of non-functional requirement that describes a service or 

performance characteristic of a product. 

External interfaces 

requirement 

A description of the connection between a software system and a user, 

another software system, or a hardware device. 

Security Requirement A statement of needed security functionality that ensures one of many 

different security properties of software is being satisfied. 
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2.4 Requirements Modelling 

In software development practice, requirements analysis and design are closely associated. The 

set of functional and non-functional requirements translate into system architecture and system 

functionality. The process of translating these user requirements to design is known as 

requirements modelling or conceptual modelling (IEEE Computer Society Staff, 2014). Figure 

2-8 illustrates that the specification acts as a bridge between the application domain and the 

machine domain, starting from raw requirements, moving to a structured specification to 

produce a conceptual design, and finally implementing the final software product or 

information system. 

 

 
Figure 2-8: Requirements Engineering and Modelling (source: Westfall, 2006) 

In requirements modelling, conceptual models consist of properties from the problem domain; 

the real-world relationships and dependencies are then configured to map with the domain. 

There exist numerous methodologies for modelling requirements, but Unified Modelling 

Language (UML)(Fowler, 2004) has become the most commonly used notation. A variety of 

design tools using UML are widely available as freeware and commercial software (Ciccozzi, 

Malavolta, & Selic, 2019; Dawood & Sahraoui, 2017; Osman & Zalhan, 2016) 
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Figure 2-9: Use case diagram relationship with several models (source: EdrawSoft, 2014) 

A general practice during requirements elicitation is that the user requirements are captured and 

written in a formal use case specification model, including use case diagrams. In a typical 

object-oriented software development process, a static and dynamic analysis model are 

designed comprised of, amongst others, a class diagram, activity diagrams and sequence 

diagrams. Figure 2-9 shows the central use case diagram with the various other UML diagrams 

which covers the requirements, analysis, design, implementation and testing phases in the 

software development process. 

 

2.5 Ontology Domain Knowledge 

The word “ontology” is derived from the 17th century Ancient Greeks, and essentially means 

“the study or theory of being or that which is”(Gruber, 1993; Jepsen, 2009). This philosophy 

term concerns the description of the categories and membership criteria of things that exist.  

In the early 90s, this term has been coined in Computer Science (CS) and Information System 

(IS) disciplines under the sub-field of Artificial Intelligence (AI) and Knowledge Management 

(Abecker & Elst, 2009). Thomas Gruber, the researcher who pioneered in the exploration of AI 
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and the semantic web has pinned the term ontology to the computer science field. His popular 

definition of ontology is: 

“Ontology is a logical theory, which gives an explicit specification of a conceptualisation” 

(Gruber, 1995).  

Hepp expands Gruber’s sentence as; 

 “The formal content of an ontology cannot completely specify the intended meaning of 

the conceptual element but only approximate it—mostly, by making unwanted 

interpretations logical contradictions.” (Hepp, 2007) 

The ontology as a computational artefact includes the classification of a concept (classes), 

domain vocabulary and hierarchy (subclass-superclass hierarchy), and the constraint on 

properties and attributes of concepts (slots) (Chandrasekaran et al., 1999). Therefore, the idea 

of ontology is to share the common understanding of the information structure among the 

people and software agents which allow machine reasoning (Stevens & Lord, 2009). One shall 

avoid “re-inventing” the information by reusing the existing domain knowledge where ontology 

has introduces standards to allow interoperability across different users and communities 

(Gruber, 1995; Jurisica et al., 1999). 
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Figure 2-10: Brief concept of digital library ontology (source: Welty & Jenkins, 1999) 

Various kinds of things in the subject area (e.g. digital library) are conceptualised into 

ontologies. These elements are characterised as classes (concepts) and are categorised 

taxonomy of classes and subclasses. Each class is then associated with few properties (slots or 

roles) describing its attributes and features. Ontology merges with a set of concrete instances 

(individuals) of the class will form a knowledge base. Noy & Mcguinness (2000) stated that 

there is a fine line where the ontology ends and the knowledge base begins.  

Figure 2-10 shows some concepts of a digital library ontology, which is partially based on 

Welty and Jenkins’ study on library card catalogue systems.  They have found that the common 

principle classes are; a document, document modalities, objects, events, and subjects. The 

objects consist of people, places, companies, organisations, and many more entities. Moreover, 

the events include a conference, meetings, wars, battles, and so forth. The figure only illustrates 

the subset of the taxonomy for this ontology; the remainder of subjects and their relationships 

shown in Figure 2-11.  
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Figure 2-11: Partial relations maps to subject classification  (source: Welty & Jenkins, 1999) 

Based on the fully designed ontology, axioms are then constructed which helps in the deriving 

relationship between individuals, as shown in Figure 2-12.   

If a SUBJECT is located-under multiple TOPICs, then the TOPICs overlap:  

FORALL s,t1,t2 located-under(s,t1) AND located-under(s,t2) -> overlap(t1,t2) 

Individuals are about the TOPICs their SUBJECTs are located-under:  

FORALL x,s,t location(x,s) AND located-under(s,t) -> about(x,t) 

far is transitive over located-under:  

FORALL s,t1,t2 located-under(s,t1) AND far(t1,t2) -> far(s,t2) 

contains-subjects is transitive over subtopic:  

FORALL s,t1,t2 subtopic(t1,t2) AND contains-subject(t1,s) -> contains-subject(t2,s) 

about is sufficient to be a TOPIC  

FORALL x EXISTS y about(x,y) -> topic(y) 

Figure 2-12 Partial set of Axiom applied to Figure 2-7 (source: Welty & Jenkins, 1999) 

Uschold and Gruninger have formalised logical theories which include many types or format 

of ontologies (Figure 2-13). When the degree of formality and the amount of specified meaning 

increase, ambiguity will be reduced. This increases the support for automated reasoning. Oberle 

and his research team applied the three logical languages; logic programming, description logic 
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and first-order logic, for their WonderWeb Project and created a framework called 

Descriptive Ontology for Linguistic and Cognitive Engineering (DOLCE) (Oberle et al., 2005). 

This framework helps in semantic middleware to support industry practice needs when building 

distributed systems. 

 

Figure 2-13: Ontologies types and the continuum of formality (source: Uschold & Gruninger, 

2004) 

The prior multidisciplinary works in computational ontologies consist of; 

a. Library & Information Science (LIS)  

• Dublin Core (Dcmi, 1995),  

• MARC (McCallum, 2002)) 

b. Artificial Intelligence  

• Cyc Project (Lenat, Guha, Pittman, Pratt, & Shepherd, 1990) 

c. Medical and Bioinformatics  

• Unified Medical Language System (Lindberg et al., 1993) 

d. Natural Language Processing  
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• Wordnet (Fellbaum, 1998) 

e. Semantic Web  

• Jena (McBride, 2002) 

2.6 Natural Language Processing (NLP)   

Natural Language Processing (NLP) has existed in the academic discipline for more than 40 

years. NLP is a sub-field of Artificial Language (AI) and considered a tool to aid the software 

development process. Hence, it also relevant to human-computer interaction (Pitrat, 1988; 

Popov, 1986).  

The phrase “Natural Language” refers to “any language that humans learn from their 

environment and use to communicate with each other” (Harris, 1985). It exists in any forms of 

communication which help to express and convey information and emotions to other people by 

using everyday language. The word “Processing” came along which means the spoken 

languages or text are interpreted and processed by a machine using language engineering 

approaches. Besides, the study of Natural Language Understanding (NLU), which is a type of 

NLP, helps permit a richer, more sophisticated form of NLP (Manning & Schütze, 2000).   

A complete and precise definition of Natural Language Processing can be identified as follows: 

“Natural Language Processing is a theoretically motivated  range  of  computational  

techniques  for  analysing  and  representing  naturally  occurring  texts/speech  at  one  or 

more  levels  of  linguistic  analysis  for  the  purpose  of achieving  human-like  language  

processing  for  a  variety  of tasks or applications.” ( Liddy et al., 2003) 

The NLP goal is to transform text information to some internal data model which synthesis 

from data forms into an NL surface form. This system then transforms the human language 

samples into a formal specification which is illustrated and constructed in parsed tree-form or 



Page | 29  

 

first-order logic structure which helps to ease computer manipulation. This intelligent system 

aims to be able to communicate and interact with a human being in a naturally “human-like” 

way. (Brill & Mooney, 1997). NLP falls primarily under 5 phases as shown in Figure 2-14; 

Morphological/Lexical (structure) Analysis, Syntactic Analysis, Semantic Analysis, Discourse 

Analysis, and Pragmatic Analysis  (Ghosh & Gunning, 2019;Indurkhya & Damerau, 2010; 

Osman & Zalhan, 2016; Khurana, Koli, Khatter, & Singh, 2017)  

 

Figure 2-14: Phases in NLP 

a. Morphological Processing 

Morphological Processing is the first NLP process. This stage breaks down language input 

chunks into token sets that correspond to paragraphs, phrases, and vocabulary. Next, the 

components of individual words are analysed, and non-word tokens such as punctuations are 

extracted from the words. For instance, a word like "recycle" can be split into two "re-cycle" 

sub-word tokens. 

Most lexical items are naturally classified into a small number of categories in each language; 

the words within each category act similarly when it comes to grammatical constructions. By 

linguists, these groupings are referred to as word classes or lexical categories, while the 
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traditional meaning is 'Part of Speech.' English grammarians had settled on a compilation of 

eight sections of expression by the beginning of the twentieth century: noun, pronoun, adjective, 

sentence, adverb, preposition, conjunction, and interjection. The typical distinction is provided 

by (Jurafsky & H.Martin, 2000) that nouns typically apply to things, people, places or concepts' 

whereas verbs represent actions or events. 

b. Syntax Analysis 

It is the NLP's second phase. The aim of this phase is twofold: to verify that a sentence is or is 

not properly formed and to split it into a structure that illustrates the syntactic relationships 

between the various words. For example, the expression "Lady the buys flower " will be rejected 

by the parser or syntax analyser. This is syntax-wise wrong as determiners cannot come after a 

noun. 

c. Semantic Analysis 

The potential interpretations of a sentence are defined through semantic analysis by pivoting 

on the interactions in the sentence between word-level meanings. The semantic disambiguation 

of terms of multiple meanings may be included in this processing level. Similar dictionaries 

and knowledge bases are used for semantic analysis. The WordNet lexical index(Wilkniss & 

Davis, 1998), which is used to disambiguate the lexical constructs of the NL text and to locate 

semantically related words, is the most prominent example. For example, “She is wearing a 

colourless green dress” will also be rejected by the parser or semantic analyser. Syntax-wise it 

seems correct but, evidently it is semantically wrong. 

d. Discourse Analysis 
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In order to understand and reflect the importance of the text as a whole this level of linguistic 

analysis examines the structure of a given NL text, creating relations between component 

sentences. For example, "Sammy is a girl, she loves to swim": here “she” is a dependency 

pointing to Sammy. 

e. Pragmatic Analysis  

The last phase in NLP is Pragmatic Analysis, it deals with the meaning of a statement and is 

said to be the hardest aspect of AI. Pragmatic analysis is concerned with how the interpretation 

of the NL text is influenced by external world knowledge. In order to achieve an interpretation 

of the meaning and purpose of the provided text, this degree of examination relies on a body of 

knowledge originating from beyond the substance of the text. In order to find the actual meaning 

and the purpose of the speaker or author, the pragmatic level of interpretation avoids 

ambiguities in the criteria for reinterpreting the document. Liddy (2003)  claims that pragmatic 

analysis needs a great deal of understanding the knowledge of the world, including the 

understanding of intentions, plans and goals. For example, "close the window?" should have 

been interpreted as a request than an order. 

2.7 Summary 

This chapter has covered the research background of the Software Development 

Methodologies, Requirement Engineering, Software Modelling, Ontology Domain Knowledge 

and Natural Language Processing. These areas are essential for the study on the semi-

automation of textual use case specification to UML Sequence Diagram. Chapter 3 discusses 

the study and review done on existing methods and systems based on the articles, journal and 

conference papers that are related to the current research project.  
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 LITERATURE REVIEW 

3.1 Overview 

The transformation from requirements analysis to the design phase is considered to be one of 

the most complicated and cumbersome activities in software development. Errors caused during 

this activity can be expensive to fix in the later stages of software development. One of the main 

reasons why these problems occur is because of improper structure and analysis of the 

requirements. Various studies and approaches have been conducted; as a consequence, tools 

have been developed which aim to improve the quality of the requirements elicitation process 

and design model produced.  

In this chapter, issues related to the requirements will be discussed. The literature study was 

carried out on published work and investigation conducted into the existing tools and support 

which relate to this topic. Furthermore, the discussion on work-related will formulate research 

questions relevant to the investigation. 

 

3.2 The problems associated with Requirements Engineering (RE) 

Requirements engineering is important and also problematic regardless of software process. 

Whether a plan-driven or agile approach is used requirements have to be captured and if an 

automated approach is to be used these have to be documented accurately. For example, Unified 

Process can be applied in an agile fashion but asks for requirements to be documented as semi-

formal use cases.  

Requirement Engineering (RE) can be defined as the process of discovering, analysing, 

documenting and verifying the services provided by the system and its operational restrictions  

(Sommerville, 2011). Sommerville states that the RE provides the appropriate mechanism to 
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understand what the client wants, analyse the needs, evaluate the feasibility, negotiate a 

reasonable solution, specify the solution without ambiguity, validate the specification, and 

manage the requirements as they are transformed into an operational system. In Cheng and 

Atlee’s (2009) RE roadmap,  they showed that RE activities are more important and critical 

when compared with other software engineering activities. There are several problems that 

occur during the requirements engineering phase; these mainly relate to how the requirements 

specifications are delivered. Several authors have determined that an inadequate handling of 

the requirements can cause, in a high percentage, the failure or questioned termination of a 

software project (Fernández et al., 2017; Rosato, 2018; Wagner et al., 2019). From these 

investigations the importance of the correct formalisation of the requirements became evident, 

in such a way that the Software Requirements Specification (SRS) provides the basic properties 

of the requirements system. 

The problem with the requirements can be classified as; 

a. Requirements are incomplete, vague and imprecise 

Sentences are vague or abstract , creatingconfusion and wrong interpretations for the 

receiver. Mala et al. (2006) defined ‘vague’ as a sentence that contains generalisation 

or pronouns, incomplete information, especially the subject or object needed by a verb. 

Incompatible and incomplete requirements specifications happened due to being 

overambitious in early milestones; as a result, a major rework and additional costs were 

incurred (Boehm, 2006; Ochodek & Nawrocki, 2010). A complete requirements 

document must include all the necessary requirements information as required and must 

be deemed satisfactory by the stakeholders.  
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b. Requirements are ambiguous 

Natural languages are commonly ambiguous when open to multiple interpretations, and  

developers often find it difficult to explain the system due to inadequate information 

(Dalpiaz et al., 2018; Mala & Nadu, 2006). Westfall (2006) has recommended that each 

requirement statement should have only one interpretation and each requirement should 

be specified in a coherent, easy-to-understand manner, while Bryant (2000) has claimed 

that the rapid prototyping of requirements specifications should help to avoid 

misinterpretation of requirements. Moreover, this will allow the user to evaluate the 

system in experimental form before the developers proceed to system design and 

implementation.  

c. Requirements are difficult to manage 

Weidenhaupt et al. (1998) found that the lack of guidelines in composing the use cases 

might be a drawback in requirements management where documents are not properly 

captured and written. Aside from that, the requirements traceability is one important 

element in determining how easy the requirements document is to read, query, navigate 

and change.  Gotel (1994) defines requirements traceability as; 

 “…the ability to describe and follow the life of a requirement in both forwards and 

backwards direction (i.e., from its origins, through its development and specifications, 

to its subsequent deployment and use, and all periods of on-going refinement and 

iteration in any of these phases)” 
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d. Requirements are volatile 

Volatile requirements are likely to change during the life cycle of the software, and 

conditions that reflect organisational policies and procedures are usually likely to be 

more volatile than requirements that are based on stable domain characteristics 

(Sommerville, 2011). By tagging potentially volatile requirements, this can assist the 

software engineers in establishing more change tolerance design  (IEEE Computer 

Society Staff, 2014). 

e. Communication problems and conflict between the stakeholders and developers 

Typically, misunderstandings happening between stakeholders and software developers 

are due to different backgrounds and expertise. It is sometimes very difficult for each 

group to represent terminology in the system’s requirements. Hence they will leave it 

as implicit requirements though it represents different meanings and contexts (Fuentes-

Fernández et al., 2009; Mala & Nadu, 2006; Nuseibeh & Easterbrook, 2000; Tripathy 

& Rath, 2015).  

The error rates of requirements can be decreased whilst the processing time can be sped 

up by the automation of software engineering tools (Landhäußer, Körner, & Tichy, 

2013; Osman & Zalhan, 2016). Unfortunately, there is still a lack of universal tools for 

requirements elicitation and modelling activities in RE (Gea et al., 2010; Thonggoom, 

2011). Belfo (2012) suggested that a good requirement is only assured by the right 

combination of people, organisation and technology. These represented by the users, 

stakeholders and developers and adequately influenced by the organisation should work 

together to produce and use good technological products.  
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3.3 Related Work 

Over the past few decades, extensive studies have been conducted in the area of applying 

linguistic techniques to text requirements for software systems. The early study was from 

Halstead (1977) in his book “Elements of Software Science”. He first relates the study of 

computer programming to natural language by analysing the common notion of programming 

‘verb’ as operator and ‘noun’ as an operand.  Furthermore, Abbot (1983) claimed that it is 

possible to extract sufficient meaning from NL sentences to produce reliable models. He 

recommended a methodology that produces static analysis and design products, using an 

informal effort-intensive technique. There has been a noticeable rise in the number of studies 

that automatically convert software requirements to conceptual models (Bozyiğit et al., 2021; 

Dawood & Sahraoui, 2017; Osman & Zalhan, 2016).  Their survey researched numerous studies 

on this topic and performed a side-by-side comparison to uncover their strengths and 

shortcomings.  

Bozygit et al. considered for future development as the basis for the creation of an Intermediate 

Language (IL) capable of automating the translation of natural language sentences to IL 

sentences, e.g., via the use of NLP (natural language processing) methods  or, alternatively, 

from IL to visual models (such as ontologies) using model-driven techniques. Since it have a 

long way to go when it comes to building comprehensive and consistent conceptual models, 

there's still a lot of work to be done. Not being able to link the design and execution stages 

would hinder traceability. Their strategy is to implement a well-devised algorithm that includes 

more precise transformation rules.  

Dawood & Sahraoui has conducted a survey which aimed to improve software quality while 

minimising design time, cost, and error by decreasing human involvement in the design phase. 

Based on their questionnaires distributed worldwide, two-thirds of users/organizations create 
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UML diagrams automatically, and nearly half do so using a semi-automatic method, and this 

indicates that there is a need to decrease this proportion via further research and to increase the 

efficiency of UML diagram production from requirements.  

Meanwhile, Osman and Zalhan concluded that several tools may assist in generating Class 

Diagrams, Object Diagrams, Use Case Diagrams, and many of them include the process 

composition of Sequence, Collaboration, and Activity diagrams. every single solution has some 

limitations: some need user interaction, some cannot conduct analysis of irrelevant classes, 

some require organising text in a particular manner before processing, and others cannot 

properly identify many structural relationship between classes. 

3.4 Requirements Specifications Improvement 

In writing a requirements specifications document, two criteria must be taken into account and 

must be balanced; the requirements document must be both readable and processable (Gulia & 

Choudhury, 2016; Hull et al., 2006). The main concern is how the requirements are being 

organised into context and the quality of the language statements used must be clear and 

accurate. These quality specifications are well-suited for the design and implementation 

activities (Zave, 1997). There have been quite a number of approaches to transform NL 

requirements into semi-formal and formal requirements.  These transformations from 

specifications to design or even test cases are automatically or semi-automatically generated 

and the consistency design is reversible (Bajwa et al., 2011; Gutiérrez et al., 2006; Kof, 2008; 

Li, 2000; Narawita & Vidanage, 2017; Yue, 2010).  

NL descriptions of the problem domains captured from the stakeholder are often complex, 

vague and ambiguous leading to multiple interpretations (K. Li et al., 2005; Mich, 1996). Saeki 

et al. (1989), Berry (Berry, 2004) and Rupp (Rupp, 2004) have analysed the requirements 

specifications document from a linguistic aspect. They provide a set of rules that guide 
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requirements engineers in building software object models.  Fuchs et al. (1999) presented a 

restrictive approach called Attempto Controlled English (ACE) that uses a sub-language of 

English to write precise requirements as an input for a computer program. It translates each 

sentence into first-order logic, which aims to avoid ambiguities and simplified complex 

sentences. This related approach was proposed by Bajwa et al.( 2011), who uses the Semantic 

Business Vocabulary and Rule 0F

1 (SBVR) (OMG, 2008) based approach to produce an 

unambiguous representation of NL software requirements. Ormandjieva et al. (2007) and 

Chantree et al. (2006) studied ambiguities in the specifications and they have demonstrated an 

automatic ambiguities detection based on the text classification heuristic. This will reduce the 

manual effort to remove the ambiguous NL, which negatively affected the quality of the 

requirements. 

Meanwhile, Kof (2004) suggested the need “to learn to write less ambiguously and less 

imprecisely”  by introducing predefined rules; hence requirements can be clearly defined by 

both human reader and computer system.  

Another sentence analyser tool aiming to detect NL defects is called Quality Analyser for 

Requirements Specifications (QuARS). Fabbrini et al. (2001) proposed this tool to evaluate the 

quality of the requirements specifications.  

Liu (2010) addressed the issue by proposing a framework that re-defined the scenario-based 

template from NL requirements (NLRs). In requirements engineering, scenarios are important 

to describe the interaction flows and behaviour of the system.   

 

1SBVR offers by Object Management Group (OMG), provides a means for describing the structure of the meaning of rules 

expressed in the natural language that business people use. 



Page | 39  

 

The transformation from requirements to design or code often reduces, eliminates or distorts 

much of the original meaning intended by the requirements (Boyd, 1999). Landhäußer  (2013) 

argues that the restriction over NL might not be a good solution as it somehow increases the 

effort of applying the constrained rules to requirements documents. Such problems have always 

been difficult in respect of turning natural language explanation into functional code. 

3.4.1 Knowledge Engineering in Requirement Engineering 

A major concern in knowledge engineering is in the construction of ontologies; they help to 

build domain models and define terms and their relationships inside the domain. Various 

researchers have claimed that the domain ontology plays a major role in RE, where it can fill 

the gap between information stored in the domain ontology with the problem in RE activities 

(Bures et al., 2012; Kaiya & Saeki, 2006; Khan & Minhas, 2008; Kroha et al., 2009; Wang et 

al., 2004).  

3.4.2 Survey on existing transformation from NLR to UML diagrams 

A literature study was conducted to review existing NLP-based CASE tools where the main 

goal is to generate Unified Modelling Language (UML) diagrams. Research in this area has 

shown an evolution in maturity and researchers are still attempting to produce robust and 

reliable object-oriented models. The survey assesses the use case template style used in each 

tool, describes the case study employed and states which UML diagrams are produced. In 

general, all tools target a similar purpose in applying the NLP to generate UML diagrams from 

textual requirements. In a situation with a structured scenario description language (SCEL), 

Morikawa et al.  ( 2018) suggest a conversion approach to a “PlantUML” written sequence 

diagram (The PlantUML Project, 2019). SCEL offers a certain abstract level of action for a 

particular domain with restricted measures and case structure and SCEL scenarios. This abstract 

levels of scenarios make it difficult to transition scenarios into sequence diagrams. 
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Saeki et al. (1989), Carasik et al. (1990), Cockburn (1993), Boyd (1999) and Juristo et al. 

(2000) claimed that the use of language as a metaphorical basis (analogical source) to discover 

the structure (syntax) of objects and object messages and to name software components (class 

names, entity references, function names and process names) has been explored.  Such 

important elements are essential for creating static and dynamic software development models. 

However, their work focused only on UML static diagrams (e.g. use case diagram and class 

diagram). Other tools such as NL-OOP (Mich, 1996), RECORD (Börstler, 1996), CM-Builder 

(Harmain & Gaizauskas, 2000), LIDA (Overmyer et al., 2001) and UCDA (Subramaniam et 

al., 2004) also, only static diagrams are created, possibly because it is less complex than 

dynamic diagrams. GOOAL (Perez-gonzalez & Kalita, 2002), CIRCE (V Ambriola & Gervasi, 

2003), and a-Toucan (Yue, 2010) are tools for creating UML diagrams in addition to generating 

other diagrams in UML such as use case diagram and class diagram. However, Morikawa et al. 

(2018) use a third-party tool to generate sequence diagrams after applying transformation 

method to the internal representations before creating the models. Unfortunately, the production 

of these diagrams does not consider a broad knowledge base or domain; rather they are 

extracting words using a given glossary and not applying any rules or considering usability 

matters in producing robust and well-formed sequence diagrams.  

Table 3-1 shows the checklist of UML diagrams types produced from each of the research 

projects mentioned above. 
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Table 3- 1: Checklist of UML diagrams produced from existing research projects 

 

In addition to this, Table 3-2 summarises the strengths and weaknesses of each tool in order to 

help identify gaps and incomplete aspects. All of the tools analysed will define the properties, 

artefacts and methods of UML diagram output specification document. Nevertheless, human 

intervention is needed before a specific diagram is generated to interpret them correctly 

extracted annotation of OO concepts. In each case, the input text restriction remains a problem; 

the few experiments using unrestricted text tend to produce unnecessary classes. The absence 

of grammatical rules causes this to instruct the parser using the existing NLP technology. On 

the other hand, unlimited text consumes time and effort, increasing user engagement in 

validating candidate objects and classes. 

Table 3- 2: Strengths and weaknesses of tools surveyed 

Tools Strengths  Weaknesses 

NLOOP (Mich, 1996) 

 

 

 

 

• inputs unrestricted 

English text  

• Using NLP techniques 

for text engineering 

• incapable of identifying 

candidate objects 

• requires user interaction to 

identify OO concept  

• does not use domain 

knowledge. 
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RECORD (Borstler & 

Analysis, 1996) 

 

 

 

 

 

 

 

 

able to identify objects, 

attributes and 

relationships. 

 

 

• incapable of identifying 

candidate objects 

• restricted to a highly 

simplified or highly 

restrictive/predefined model 

of NL input 

• incapable of identifying 

candidate objects 

• requires user interaction to 

identify OO concept  

• does not use domain 

knowledge. 

CM-Builder (Harmain & 

Gaizauskas, 2000) 

 

• Inputs unrestricted 

English text  

• able to identify the 

attribute, objects and 

relationships. 

• incapable of identifying 

candidate objects 

• uses only limited domain 

knowledge 

LIDA (Overmyer et al., 

2001) 

 

 

• able to identify 

candidate objects, 

attributes, and 

relationships. 

• refine model through 

validation process. 

• requires user interaction to 

identify OO concept  

• uses a third party 

commercial tool to generate 

UML diagrams 

GOOAL (Perez-gonzalez 

& Kalita, 2002) 

• able to identify 

candidate objects, 

attributes, and 

relationships. 

• generates basic 

sequence diagrams. 

• requires user interaction to 

identify OO concepts 

• does not use domain 

knowledge. 

CIRCE (V Ambriola & 

Gervasi, 2003)(Vincenzo 

Ambriola & Gervasi, 

2006) 

 

• able to identify 

candidate objects, 

attributes, and 

relationships. 

• Generate almost all 

UML diagrams and 

even structured 

• The diagrams generation are 

processed by a set of 

glossary terms inserted by 

the user. 
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diagrams (e.g. 

requirements Data Flow 

Diagram) 

UCDA (Subramaniam et 

al., 2004) 

 

 

 

• able to identify 

candidate objects, 

attributes, and 

relationships. 

 

• restricted to a highly 

simplified or highly 

restrictive/predefined model 

of NL input 

• uses a third party 

commercial tool to generate 

UML diagrams 

UML-SDG (Mendez, 

Romero, & Herrera, 

2007) 

 

• obtains basic sequence 

diagram from a text 

description using 

syntactical rules. 

• restricted to a highly 

simplified or highly 

restrictive/predefined model 

of NL input  

UMGAR 

(Deeptimahanti & Babar, 

2009)(Deeptimahanti, 

2011) 

 

• obtain candidate 

classes, attributed 

classes and adjective 

classes 

• generate Java code 

model 

• requires human intervention 

to identify irrelevant classes 

and the composition 

relationships among objects.  

a-Toucan 

(Yue, 2010) 

 

 

 

 

• Produce class diagram, 

sequence diagram and 

activity diagram 

claimed to be more 

accurate than others 

• Conduct few industrial 

case studies to 

strengthen their 

approach 

• relies on the use case 

template and a set of 

restriction rules for textual 

use case specifications. 

SCEL-PlantUML 

(Morikawa et al., 2018) 

• uses scenario to 

sequence diagram 

transformation 

technique. 

• depends on third party tool 

to generate sequence 

diagrams. 
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The techniques commonly used for text processing on lexicons used to build these tools are 

‘text tokenisation’ and ‘Part of Speech (POS) tagging’ to identify pronouns, verbs, adjectives, 

articles, etc.  Concerning the proposed solution, the goal of this work is to produce robust, and 

well-formed sequence diagrams from use cases formed using a specifications template and 

ultimately to generate executable code. The existing methods are still retained in our proposed 

solution, such as the ability to capture OO elements and to apply syntactic and semantic text 

analysis of NL understanding. The production of classes, objects and use case diagrams are not 

as critical as sequence diagrams since the former is less complex and do not describe system 

behaviour (Khan & Mahmood, 2016; Kurniawan et al., 2020).  

The process of generating UML diagrams using existing CASE tools is typically time-

consuming, difficult and costly. Therefore, there is an opportunity to develop intelligent 

software to generate UML diagrams, code and documentation straight from user requirements 

(V Ambriola & Gervasi, 2003; K.Shinde, Bhojane, & Mahajan, 2012; Overmyer et al., 2001). 

In fact, the automated derivation of sequence diagrams from text requirements could bridge a 

gap in research on OOAD (Morikawa et al., 2018; Sin, 2007). UML sequence diagrams model 

the flow of messages, events and actions between objects or components. They provide a 

dynamic view of the system behaviour which cannot be extracted from static diagrams or 

specifications (Kurniawan et al., 2020; Song, 2001). The diagrams can abstract away much of 

the implementation detail and provide a high-level view of system behaviours. Errors in the 

sequence diagrams are one of the major sources of defects in the final software product 

(Agarwal & Sinha, 2003; Bolloju & Leung, 2006; Gulia & Choudhury, 2016). 

The challenges of this work are to use NLP techniques and ontologies to identify objects, 

messages and their attributes, describe relations between defined objects, define object 

behaviour by specifying the functional implementation of each object, and refine objects and 
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organise classes. (K. Li et al., 2005; Subramaniam et al., 2004; Perez-gonzalez & Kalita, 2002). 

In defining the system behaviour, the noun-verb classification is often ambiguous where nouns 

and verb phrases can have different meanings in different contexts. This can create a many-to-

one mapping between verbs or nouns and meaning (e.g.: open and create an account; purchase 

and buy the item). 

In order to produce high-quality diagrams, the current tools have to improve their NLP 

framework by enabling accurate, deep semantic analyses and adequate syntactic analyses. The 

ontology will be used to ensure that software engineers have a shared understanding and re-

usability of the problem area with the stakeholders.   

On the diagramming side, interaction diagrams (i.e. sequence, collaboration diagrams and 

activity diagrams) require the ability to capture and identify which object is responsible for a 

particular request or response actions and to identify parameter passing. Furthermore, the 

proposed solution is capable of handling iteration (i.e. LOOP) and condition (i.e.: 

IF…ELSE…THEN) events which have not been discussed in NLOOP, GOOAL, CIRCE, 

UML-SDG, UMGAR and a-Toucan. Above all, these tools apply similar standard NLP 

techniques in eliciting the syntactic structure of sentences such as the taggers and parsers to 

extract the required information from written sources. 

3.4.3 Transformation of NL Requirements (NLR) to Sequence Diagrams 

Use cases and scenarios are commonly used and important methods in requirements elicitation. 

A scenario in the context of a software system is defined as a series of interactions between the 

user and the system (Weidenhaupt et al., 1998), while the use case is described as an abstraction 

of class scenarios. The scenario contributes to every part of the software design process and is 

a focal point during the start of software modelling and design (Sun, 2007).  
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Typically, use case specifications describe the interactions between system and actors in some 

period. This two-way communication with the timeline can be applied as messages in UML 

sequence diagrams. Sequence diagrams are known to be an important component in behavioural 

modelling in the analysis and design process. Yue ( 2010) has developed a set of tools that 

generates sequence diagrams from use case models. She claims that apart from her works, none 

of the current approaches and CASE tools are able to generate sequence diagrams from the use 

case models. Her work on visualising the UML diagrams (e.g. class diagrams, activity and 

sequence diagrams) seems promising, and she claimed to produce an accurate result. She uses 

a new use case scenario template in order for the parsing tool to retrieve the required 

information which helps to ease her work. The drawback which is clearly obvious is how she 

constructed a number of sentence grammar rules as a guide for the potential user. She received 

an unfavourable response from respondents to the case studies she performed about these 

guidelines, stating that they seemed to be difficult to follow. The production of sequence 

diagrams does not take into account the responsibilities of objects or classes. The result shows 

less than 75% accuracy based on the traceability mapping from the scenarios (Yue et al., 2010). 

3.5 Summary 

This chapter examined and addressed the relevant topics that will serve as the theoretical 

underpinning for this investigation. This chapter began with an overview of the problem related 

to RE and key challenges to the development of UML diagrams, followed by a discussion of 

methods for extracting conceptual models from natural language text. Researchers use different 

approaches for producing UML diagrams from natural language text as discussed above in the 

comparison study. To respond to the weaknesses this thesis introduces a toolset called the ‘Use 

Case specifications to Sequence Diagram’ (UC2SD) has been developed which allow the 

developer to produce UML sequence diagrams from text requirements provided by the 
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stakeholder(s). This toolset will be a supporting tool for the proposed methodology and 

architecture to demonstrate that it is possible to produce a sequence diagram based on identified 

class responsibilities.  

The next chapter describes in detail the architecture of the proposed UC2SD toolset and will 

consider each of the research questions. 
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 SOLUTION APPROACH 

4.1 Introduction 

In this chapter, the research methodology of the proposed approach will be discussed based on 

the research problem described in the previous chapter. There is a strong motivation to improve 

the production of UML behavioural diagrams. Using the domain ontologies, well-known 

software design principles, and Natural Language Processing (NLP) technologies, a novel 

technique for building UML software designs from Natural Language (NL) has been devised. 

The approach aims to produce high quality and robust designs through Class Responsibility 

Assignment (CRA) that links identified responsibilities to classes. Larman’s GRASP or General 

Responsibility Assignment Software Pattern (or Principle) approach was used for directing the 

CRA process when deriving behavioural models (e.g. Sequence Diagrams). A set of tools to 

support CRA was developed to provide designers and developers with requirement writing 

guidelines that can be used when analysing and designing object-oriented software. 

 

4.2 Use Case specifications to Sequence Diagrams’ (UC2SD) architecture 

The toolset Use Case Specifications for Sequence Diagrams (UC2SD) allows a software analyst 

to produce UML sequence diagrams from stakeholder(s) text requirements. The UC2SD 

process is divided into five (5) modules, as shown in Figure 4-1: Requirements Analysis; 

Natural Language Processing; Knowledge Representation and Object-Oriented Design and 

Implementation. Building a tool according to this structure will provide a demonstration of 

applying an NLP approach to the software engineering process.  

The main focus of this architecture is on the modelling aspects of the process, particularly when 

diagrams and software codes are created to represent the solution. An automated natural 

language processing (NLP) process will be included in the analysis of requirements. In addition, 



Page | 49  

 

the requirements analysis to the design process will include extracting NLP-derived object 

model elements such as classes, attributes, methods, and relationships. The inclusion of 

knowledge in related domain ontologies will help to refine the object and attribute candidates. 

It is making use of an available meta-domain oriented ontology. Such components can help 

build software models, such as UML diagrams. The output data at various stages will be 

evaluated by human experts, with correction allowed after the verification process. Therefore, 

rather than complete automation, the author aims for development support. Nonetheless, the 

NLP is expected to handle most of the tasks in the process.  In what follows, the research 

justification for each module in the architecture is described and its role in achieving the 

research goal detailed. 

 

Figure 4-1: Use Case specifications to Sequence Diagrams (UC2SD) Process. 

Figure 4-1 shows an overview of the UC2SD architecture in the context of the software 

development process. In a software development life cycle (SDLC), the first process involved 

the requirements elicitation from stakeholders and clients. Following the analysis, these 
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requirements are converted to a Software Requirements Specification (SRS). In the 

conventional approach, functional requirements and requirements scenarios are written in the 

use case specification, and UML diagrams such as use case diagram, activity diagram, sequence 

diagram and class diagram are designed. The codes are constructed based on the diagrams, and 

lastly, the fully developed software product will be delivered. The research work focusing on 

the dotted line, as shown in Figure 4-2, which shows how UML diagrams – specifically 

sequence diagrams – are auto-generated from the use case specification by utilising the Natural 

Language Processing technology coupled with the use of a domain ontology.  

 

Figure 4-2: UC2SD Architecture and use in the software development process. 

 

4.2.1 Requirements Analysis Module 

At this point, the elicited specifications are written using the rules defined in the module. Using 

template rules, we use guidelines or methods to build the use case specifications from system 

requirements (typically these include the use case name, description, the flow of events, and 

pre and postconditions)(Ilieva & Ormandjieva, 2006; Kof, 2005). The guidelines used by the 
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analyst are shown in Appendix D. Use Cases describe a set of sequences of actions that yield 

an observable result of value to a particular actor (Booch et al., 2005). Even while the UML 

notation may be relatively easy, it must be utilised consistently and in a widely recognised way 

if it is to function as a lingua franca for developers and between developers and customers 

(O’Neill, 2018). In other words, the use case is used to capture the system’s behavioural 

requirements by detailing event-driven processes.  

Step 1: Text Requirements Acquisition 

To begin the process towards a well-defined behavioural model, a clear description of each 

requirement is required. Thus, the first step is to make use of a template that will permit the 

permit the user to clearly and succinctly input the important use case specifications element(s). 

The author has utilised the concept of an Essential Use Case (Biddle et al., 2001), where the 

use case form is split into user intentions and system responsibilities. Therefore, the scenarios 

are defined in two separate columns in a conversational mode: user actions/intentions and 

system responses. In implementing this restriction, the likelihood of misunderstanding through 

an NLP system is reduced while ensuring that the user has written the case in such a way that 

user actions and system responsibilities can be identified. This should then contribute to 

reducing the need for human intervention. In realising this, a set of rules are introduced for the 

structure of the content of the use case. A side effect of this limitation is that the UC2SD 

approach applies only to applications that have user interaction. The input and formatting of the 

knowledge acquisition from requirement specification will be explained in Chapter 5. 

 
4.2.2 Natural Language Processing Module 

Li et al. (2005) defined three principal components of the linguistic analysis of NL text: word-

tagging, syntactic and semantic analysis. In the proposed architecture, the text will be processed 
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in four stages: Lexical Analysis; Syntactic Text Analysis; Candidate Refinements; and 

Semantic Text Analysis.  

Step 2: Lexical Analysis 

The text tokenisation and lexical pre-processing of the input texts are part of this phase using 

the ANNIE Processing Resources(PRs) supplied with GATE software (Cunningham, Maynard, 

Bontcheva, & Tablan, 2002). The input text from the use case specifications must be tokenised 

prior to the Part-of-Speech (POS) tagging. Lexical analyser is the first phase of a compiler and 

also called scanner. The main task is to read the input character and produce as output of a 

sequence of tokens.By using this approach, the split sentences will be tokenise into words. 

Step 3: Syntactic Analysis 

Syntactic analysis requires evaluating source text structure. A single sentence is generally the 

largest modelled structure within a text part, while the smallest model structures are the specific 

symbols (i.e., mainly words) within the text data. The syntactic evaluation takes into account 

the sentence structure, whereby each lexical token is given one or more Part-of-Speech tags. 

By defining domain-dependent terminology at this point, an initial attempt is made to isolate 

and construct a domain template. 

Table 4.1 shows a list of POS tagged words and their abbreviations. POS specifies the type of 

word that a word performs in the phrase structure. In this situation, the sentence or document is 

divided into a series of specified tokens (for example, nouns, verb, adjective, adverb, etc .) (Kof, 

2005). In this context, the author use a standard collection of grammar rules for each token with 

the Penn Treebank Tagset (Manning, 2000). PoS taggers identify a word's part of speech. There 

are four primary kinds of POS: nouns, verbs, adjectives, and adverbs. Each kind is subdivided 

into subtypes. The suggested approach requires the use of a PoS tagger to differentiate nouns 
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from other PoSs found within the requirement specification text. The model first classifies 

nouns as candidate entities and then does some filtering to identify actual entities.  

 Table 4.1. List of POS tags  

Tag Description Example 

NN Noun in singular form book 

NNP Proper noun in singular form human 

NNS Noun in plural form books 

NNPS A proper noun, plural journal 

TO To to 

CC Coordinating conjunction and, but, or 

IN Preposition / subordinating conjunction by, of, against, with, for, 

in, on, from, that, along, 

until, if, though, as, at, 

into, about, than, during, 

before, since  

PRPS Possessive pronoun its, their, his, her 

DT Determiner the, a, an, both, each, any, 

all, this 

WDT wh-determiner which, that 

JJ Adjective beautiful, nice 

JJR Adjective, comparative taller, smaller 

VB Verb, the base form Live, fight 
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VBN Verb, post participle looked, booked 

VBZ Verb, 3rd person singular present climbs, drinks 

MD Modal Must, will, may, should, 

can, cannot 

CD Cardinal number Two, one, four, ten, three 

The module then takes the lexical tokens as input and applies a rule-based approach to them. It 

produces output in the form of parts of speech inside a given text. 

Step 4: Candidates Refinement 

The POS tagging output will tag preliminary noun and verb phrase candidates. Preliminary 

candidates may be poorly defined, and often not related to the problem domain. While rules-

based on noun categories and domain-independent rules may provide correct results when 

applied appropriately, these rules cannot be implemented automatically. There is no technology 

that can apply such criteria and extract entities from natural language text. As a result, rules 

need human intervention. At this stage, the collected candidates can be further analysed to 

discover details such as “What are the refined candidate classes?”, “What might the attribute 

value be?”, and “What kind of relationships holds between the classes?”. The solution to these 

questions will be found sequentially via the selected and relevant domain. This would contribute 

to more informative and optimised properties of artefacts, which can then be a contribution to 

behavioural models development. 

Domain ontology research facilitate the process of defining specific candidate classes apart 

from human experts’ verification. 
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 To refine a preliminary candidate class to relevant classes, the parser's results, using the 

Stanford Parser embedded in the GATE toolkit, must suit the concepts and structures specified 

in the ontology that will be discussed later in the Knowledge Representation Module. The 

algorithm to simplify candidate groups is described below, followed by attribute and method 

identification. 

Step 4.1: Pre-Class identification 

i. Identify candidate classes from the common nouns (e.g. things, persons, places) 

ii. Identify candidate classes from nouns which follow the preposition ‘a’ or ‘the’ (e.g. a 

sale, the customer) 

iii. Identify candidate classes from the ‘IsA’ relationship (instantiation and inheritance) 

e.g. Credit card is a Payment type (such as mastercard, visa etc.). 

Credit Card is a subclass of Payment 

Step 4.2: Attribute Identification 

Identify attributes from common nouns (e.g. Class Person attributes are first name, last name, 

address etc…) 

i. Identify attributes from adjectives.  

e.g. sale line item with description, price and total. 

   Class: sale line item 

  Attribute: description, price and total 

ii. Identify attributes from the ‘HasA’ relationship (aggregation) 

e.g.  Payment has an amount. 
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Step 4.3: Operation and Relationship Identification 

i. Identify the operation or method from action verbs (e.g. calculate, start, enter) 

ii. Identify the relationship from static verbs which describe the association relationship.  

e.g.  Class Cashier works for Class Manager. 

Class System records the Class Sale Line Item. 

The outcome of this process will produce a refined set of candidate classes, eliminating a 

number of irrelevant classes, which may then act as class attributes. A class's responsibility is 

established in its methods by interacting with other classes. The following module will explain 

this further. 

Step 5: Semantic Text Analysis 

At this stage, structural relationships between words and their meaning are established. The 

syntactic analysis of a sentence is paired with the linguistic elements found within the ontology 

in the interpretation of language, which are mapped onto the items directed to the object, i.e. 

classes, attributes, methods and relationships between classes. Here, a rule-based approach is 

followed for identifying actors, objects, class attributes, messages etc. Behaviours of each 

object are identified using the Subject-Verb-Object (SVO) approach, which relates to a word 

order of a typical sentence pattern. The verb carries the action across to a target or receiver. To 

illustrate, the SVO approach can be applied to a use case sentence as follows: “a customer 

(subject) creates(verb) account(object)”. 

Rupp et al. (2004) notes that the requirements specification must contain a set of rules to 

identify ambiguities, defects and weak phrases to avoid misunderstandings, incompleteness and 

errors in the collection. Hence, for this work, a restricted set of language patterns is proposed. 

In order to support the software developer in writing and normalise the use case specifications, 
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a set of syntactic rules are proposed in particular. This syntactic pattern matching can be used 

to read the behaviour element written in the specification statements. Thus, in UC2SD, there 

are five Syntactic Rules (SR) patterns that help in writing the text requirements. SR1, SR2 and 

SR3 show a common structure of sentence grammar and apply the Grammatical Relations (GR) 

method, introduced later, to identify the semantic role of the subject in a word clause. SR4 and 

SR5 relate to the imperative programming statements which indicate the conditional and 

iterative process of sentence scenarios. 

SR1: Intransitive verb – does not take object [SV] 

[Subject --- Verb] 

e.g. account validates. 

SR2: Transitive verb - takes object [SVDo] 

[Subject --- Verb --- Direct object] 

e.g. The user submits the order. 

SR3: Basic word order with an Indirect Object [SVDoPIo] 

[Subject --- Verb --- Direct object ---Preposition --- Indirect object]  

e.g. The system records the name of the customer. 

SR4: Conditional Statement (CS) 

e.g. If...Then... else statement 

SR5: Iterative Statement (IS) 

e.g. Do , Goto , Repeat Steps.. Until 

In semantic analysis, it is essential to confirm with the user or the designer that the right 

semantic chunks are correctly pulled out before building UML sequence diagrams. At this 

stage, the meaning and relationship of each sentence will be analysed iteratively. The semantic 

checking is performed here to resolve ambiguities. For example, the ontology can provide us 
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with axioms of common-sense knowledge such that in a library system, objects involve the 

member, librarian, book, magazine, publication and so forth. 

As for resolving ambiguities, the sequence diagram structure will consider the following 

questions. 

• Which object begins the communication? 

• Which object sends the message? 

• Which object receives the message? 

• What message is being transmitted? 

• What is the content of the message transmitted? 

• Are there any conditional statements in the communication?  

• Are there any iterative statements in the communication?  

The answers to the above questions will provide a ‘Conceptual Sequence Diagram’ (CSD) 

formed from the integration of Grammatical Relations (GRs) and Conceptual Dependency (CD) 

which will be discussed further in this section. In natural language, a typical scenario is to 

specify ‘who did what to whom’ (Kako, 2006). This is relevant to flows of events in use cases 

for mapping ‘who’ for a subject noun, ‘what’ for verb and ‘whom’ for object or target noun. A 

grammatical relation method has been investigated in consideration of the relationship between 

the subject and its semantic roles. Grammatical Relations (GRs) are defined as: 

“… a role of a noun phrase or complement clause that determines syntactic behaviours 

such as the following:  

Word position in a clause, verb agreement, 
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Participation and behaviour in such operations as passivation”(Lewis, 2004) 

GRs were initially developed by Perlmutter and Postal in the early 1970’s and a grammatical 

relation theory of undefined primitives was then enhanced by Blake ( 1990). He introduced a 

relational grammar that included a subject, direct object, indirect object and oblique relation 

(i.e. benefactive, locative and instrumental).  

Schank’s (Schank, 1972) idea on Conceptual Dependency (CD) representation theory is to 

identify the content theory in simple sentences. The active conceptualisation structure is 

represented in frame as ACTION is performed by an ACTOR on some OBJECT with some 

DIRECTION.  

e.g. John sends an email to Laura. 

[EVENT  ATRANS 

(ACTOR  JOHN) 

(OBJECT EMAIL) 

(DIRECTION (FROM JOHN) 

        (TO LAURA))] 

Figure 4-3 Active conceptualisation structure 

The action ATRANS (Abstract TRANSfer) is one of eleven action type in primitive CD theory. 

In this research, CD and GR theories are combined to create the mapping from text extraction 

to sequence diagram construction. The ideas behind GRs and CD representation are applied to 

this research to form the Conceptual Sequence Diagram (CSD). This structure will help in 

visualising the construction of Sequence Diagrams later. 

As an example, consider that a Customer receives receipt from a cashier. This can be 

represented as follows. 
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[EVENT  RESPONSE 

(SUBJECT  CUSTOMER) 

(OBJECT  RECEIPT) 

(I-OBJECT  CASHIER) 

(MESSAGE  RECEIVE) 

(DIRECTION (FROM  CASHIER) 

       (TO CUSTOMER))] 

Figure 4-3 REQUEST, RESPONSE and SELF, the CSD types 

Here, ‘Event’ will map to a message being passed in a sequence diagram. Using CSD theory it 

can be categorised into one of three types; REQUEST, RESPONSE and SELF. REQUEST 

represents a method call and is represented in the sequence diagrams with a solid line arrow 

symbol from left to right. RESPONSE indicates a return message and represented with a dotted 

line symbol in the opposite direction. SELF represents the message in the iteration condition 

where the solid line arrow is directed back to the object. The SUBJECT represents the agent or 

actor while the OBJECT (also known as direct object) is the receiver of the action phrase. 

Furthermore, the I-OBJECT (or Indirect Object) identifies for whom the action is performed or 

a recipient. MESSAGE is an action verb performed by the SUBJECT to an OBJECT. Finally, 

the DIRECTION allocates the location that the MESSAGE is directed towards where FROM 

is the sender and TO is the receiver object. 

This structure is proposed to ease the arrangement of extracted text after the candidate objects, 

attributes, methods and relationships have been identified. Human intervention is still necessary 

to verify the result based on their domain knowledge, but in this approach, integration of 

ontology will facilitate verification. One advantage is that missing specifications are noticeable 

and easily detected at the moment of an event flow. An XML description, as shown in Figure 

4-4, can then be derived. 
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<SD> 

  <CLASS>ClassA</CLASS> 

  <CLASS>ClassB</CLASS> 

  <REQUEST> 

   <SEQUENCE_ID>1.</SEQUENCE_ID>   

    <FROM>ClassA</FROM> 

    <TO>ClassB</TO> 

    <MSG>Request A to B</MSG>       

  </REQUEST> 

  <RESPOND> 

   <SEQUENCE_ID>2.</SEQUENCE_ID> 

    <FROM>ClassA</FROM> 

    <TO>ClassB</TO> 

    <MSG>Respond B to A</MSG>       

  </RESPOND> 

 </SD> 

Figure 4-4 XML description of CSD 

 

4.2.3 Knowledge Representation Module 

In this module, the business domain knowledge is represented using a suitable business 

ontology. The author has selected the Business Management Ontologies (BMO) developed by 

Jenz & Partner’s analysts and consultants (2004). The selection of BMO is because it is 

accessible as a free download and editable using Protégé-OWL. Protégé-OWL (Noy et al., 

2000) and offers a graphical and interactive ontology-design and knowledge-based 

development. It connects the "semantic gap" between business and IT by encouraging mapping 

between business and IT. The current version of BMO has about 40 ontologies with around 

1300 classes designed to allow the user to define private, public and collaborative business 

processes (using Business Process Modelling Notation). The content includes the data 

(instances) and definition where the higher-level ontology may import one or more lower-level 

ontologies. Specifically, it defines entity types such as business activity, business document, 

business object, business event, business role, resource, role and control flow. 
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Table 4-1: POS-BMO descriptions 

POS-BMO Description 

Business Object A representation of a thing active in the business domain and is an 

intelligible entity being an actor inside the domain. 

Roles A logical abstraction of one or more physical actors of common 

responsibility or position. It defines a functional entity 

Task  Action or task performed and implemented. 

Resources A source or a real object of supply or support that can be identified 

Time Interval 

Unit 

Duration of a segment of time without reference to when the time 

interval begins or ends. Time intervals may be given in seconds of 

time. 

 

POS-BMO was then formed from five ontologies after significant selection match between 

BMO ontologies and the POS use case object properties identification. POS-BMO includes 

ontology of Business Objects, Roles, Task, Resources and Time Interval Unit. Each of the 

ontology components are defined in Table 4.1. 

 

Figure 4-3: POS-BMO Concept 

The concept of POS-BMO relationship could be described as modelled in Figure 4-3. The 

elements of Figure 4-3 are explained as follows: 
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(A Role handles a Task, which requires both Resources and a Business Object with Time 

Interval Unit) 

The following use case fragment is labelled using POS-BMO concept. 

• Customer [Role] starts a [Task] sale [Business Object] 

• System [Role] records [Task] a sale line item [Business Object] 

 

The result of the candidate refinement phase will be combined with the POS-BMO ontology 

using the Protégé-OWL tool (Noy et al., 2000). Protégé-OWL is an editor which supports the 

Web Ontology Language (OWL)(Antoniou & Harmelen, 2004), an ontology that includes 

descriptions of classes, properties and their instances. This will be further demonstrated in 

Section IV. 

4.2.4 Object-Oriented Design Module 

The output from the NLP processor will be used to generate sequence diagrams. Participating 

actors/objects/classes, messages/methods and attributes are mapped respectively with nouns, 

verbs and adjectives and are then translated into UML sequence diagram constructs. Each 

sequence diagram will be visualised for main success scenarios and alternative and exception 

scenarios.  

Following the generation of a System Sequence Diagram (SSD), detailed sequence diagrams 

can follow. As illustrated in Figure 4-4, we assumed that following stereotypes: boundary, 

controller and entity classes. Boundary classes are those that interact with system actors; Entity 

Classes are those that represent objects in the system. Controller classes are those that mediate 

between Boundary and Entity classes, handling calls and passing the responsibility of 

responding to these to entity objects. 
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Figure 4-4: Use Case Realisation in Sequence Diagram Implementation 

To move to detailed sequence diagrams, we must consider how objects collaborate with other 

objects to implement system operations. The purpose of applying these principles is to define 

the responsibility of the object, which in turn determines its collaboration. Class responsibility 

assignment (CRA) is known as a significant learning aid in OOAD. Bowman et al. (Bowman 

et al., 2010) define CRA as “… about deciding where responsibilities, under the form of class 

operations (as well as the attributes they manipulate), belong and how objects should interact 

(by using those operations)”.  

Larman (2004) stated, "The critical design tool for software development is a mind well 

educated in  design  principles.  It is not the UML or any other technology”.  He has introduced 

a cognitive toolset called General Responsibility Assignment Software Patterns (or Principles),  

also known as  GRASP,  which consists of guidelines for assigning responsibility to classes and  

objects in object-oriented design.  GRASP  guidelines help  software  designers  to balance  the  

trade-offs  and give  advantages  for writing class methods with behaviours that affect multiple 

classes.  
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To achieve this, the author applied the GRASP, specifically Creator, Information Expert, 

Controller, Low Coupling and High Cohesion principles. These are used as follows: 

i. Creator – to determine who (which class) should be responsible for creating a specific 

object. 

ii. Information Expert – who should be responsible for a responsibility based on it having 

the necessary data. 

iii. Controller - to determine which should be the first object to receive a message from 

an external actor. 

iv. Low Coupling –to choose between objects for responsibility assignment, based on the 

interaction between objects. 

v. High Cohesion –to choose between objects for responsibility assignment, based on 

how internally related the assigned responsibility in the case of each object. 

The process flow and how both System Sequence Diagram (SSD) and Sequence Diagrams (SD) 

are generated is shown in Figure 4-5. The SSD illustrates the input of events of a use case; the 

events that the actor generates, their order and inter-system events (Larman, 2004). Meanwhile,  

the SD is concerned with the chronological order of messages between objects. The sequence 

diagram is created using a specific use case scenario that includes both basic and alternative 

flows. (Kurniawan et al., 2020; Mythily, Valarmathi, & Durai, 2019; OMG, 2017). The entity 

responsible for the data input is represented through the use case specification. Moreover, the 

data are represented by the object properties which consist of class, method and attributes and 

another data store use the ontology for the respective domain. In chapter 5, this process flow 

will be recalled again to show the detailed process. 
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Figure 4-5: Process Flow of Use Case Specification to Sequence Diagram (UC2SD) 

 

4.2.5  Implementation Module 

Once the sequence diagrams have been generated, they can be checked and verified by human 

experts. The domain expert acts as the reviewer for the created SDs and should have sufficient 

experience in software modelling. Indeed, compilable code can be created from the sequence 

diagrams, if desired.   

 

4.3 General Architecture for Text Engineering (GATE) Framework 

GATE (H Cunningham et al., 2002; Hamish Cunningham & Scott, 2004) refers to General 

Architecture for Text Engineering, a platform to develop and test NLP software. GATE comes 

with an information extraction system called ANNIE (A Nearly New Information Extractor) 

that forms the core and the biggest part of the GATE platform. It provides features such as 

sentence splitter, tokeniser, Parts of Speech (POS) tagger, gazetteer and many more which play 

an important role in the processing of natural language text input into the system in building 

representations or constructions that are as a result of extracting information from the natural 
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language text. These are the main reasons why GATE is employed in this project. Other benefits 

of GATE are its benchmarking abilities when researching various processes and the fact that it 

is well known and widely used. Further for development purposes its open-source architecture 

makes it easily extendable.  

 

Figure 4-6 GATE Components for text extraction (H Cunningham et al., 2002) 

 

Figure 4-6 above shows the flow of how the input of text requirements being processed by the 

GATE NLP tool to produce an XML format output for sequence diagrams generation. This 

process involves the ANNIE plug-in and JAPE transducer. 

Most of the processing resources that GATE provides are made available in the form of plug-

ins. By making use of its plug-in infrastructure, GATE makes it possible to use JAPE (Java 

Annotations Pattern Engine) which provides a way to process regular expressions over 

annotations. ANNIE relies on finite-state algorithms, JAPE language even supports an 
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Ontology-API which helps represent knowledge understanding in object relations. This NLP 

supporting tool will be utilised to solve the problem of manually capturing irrelevant classes, 

hence reducing the user intervention required for choosing classes, attributes and methods. The 

use of this tool is not just to identify the knowledge elements i.e. entities or objects, but also as 

guidance tool for identifying relations between them.  

4.4 Summary 

This chapter emphasised the development of a new approach to support UML designs from 

Natural Language (NL) with the use of a meta-domain oriented ontology, well-established 

software design principles and natural language processing tools to support the development of 

a tool called US2SD that supports the development of the new approach. The following chapter 

will elaborate on the design and implementation of the US2SD tool applied to two case studies. 
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 DESIGN AND IMPLEMENTATION 

5.1 Overview 

In the previous chapter, the Use Case to Sequence Diagram (UC2SD) model has been 

established and the need for a tool to allow validation described. Two case studies have been 

established and conducted in order to investigate the feasibility and applicability of the 

approach. The first case study on a Point of Sales (POS) System was taken from a Software 

Engineering textbook, “Applying UML and Patterns: An Introduction to Object-Oriented 

Analysis and Design” (Larman, 2004). A second case study, based on the board game “Cluedo” 

was also used.  The case study research method was chosen as an appropriate way to answer 

the research questions detailed in Chapter 1. As described by Runeson and Host (Runeson & 

Höst, 2009), case studies are investigating contemporary phenomena in their context. The 

context, in this case, is the development of UML designs from use case descriptions, the 

phenomena being the process and methods of automatically generating the design with the 

refinement done by the domain experts.  This chapter will concentrate on the design and 

implementation of the prototype. The focus will be on the modelling aspects, where the end 

result is to generate diagrams. Requirements analysis is included as a part of the Automated 

Natural Language Processing (NLP) process. In turn, the requirements analysis to the design 

phase will involve the extraction of object model element such as classes, attributes, methods 

and relationships derived from NLP.  

 

5.2 Identifying Communication Elements from Use Case Scenarios 

The US2SD architecture has been discussed in Chapter 4. A Use Case specification to Sequence 

Diagrams (UC2SD) generator prototype was designed and constructed in order to demonstrate 



Page | 70  

 

the use of the model. A use case specification template has been formulated, which includes the 

most important components in order to build the sequence diagram.  

 

Figure 5-1. Illustration of US2SD process flow 

Figure 5.1 shows the system prototype’s process flow, showing how the text requirements 

specification will be visualised into sequence diagrams and then constructed into initial 

programming code. The system prototype utilises the NLP GATE tool’s components for the 

text extraction and ontology mapping for the object class refinement (Cunningham et al., 2002). 

5.2.1  Knowledge Acquisition from Requirements Specification 

The knowledge acquisition process from requirements involves activities such as elicitation, 

modelling, specification, and verification and validation. Eliciting involves extracting, 

structuring and organising the needs of the users and stakeholders. Modelling organises the 

requirements, consistent with requirements goals. The specification process will document the 
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desired behaviour of the system. Verification is needed to determine the completeness, 

consistency, and suitability of the requirements ensuring that they accurately represent the 

system conceptual specification.  

The author has utilised the concept of an essential use case ( Biddle & Noble, 2001), where the 

use case form is split into user intentions and system responsibilities. The scenarios are 

therefore described in two distinct columns in a conversational manner: user action/intentions 

and system responses. Table 5.1 represents the template structure of an essential use case  ( 

Biddle, Noble, 2001) which has been implemented in this research.  

Table 5-1: Use case specification structure and brief descriptions 

Use Case # Use Case number 

Use Case Name Use case unique verb-noun format identifier which describes an 

achievable goal 

Scope Name of the system under development 

Description Brief description of use case 

Primary Actor Main actor(s) who participate in this use case. 

Pre-condition(s) List the state(s) the system can be in when this use case starts 

Main Success Scenario 

Describe the typical 

normal scenario which 

ends with happy 

endings. 

User Actions   System Responses 

1. User sends request  

 2. system then responds 

Extension Scenario  User Actions   System Responses 

1a. Describe the alternative 

flow of the scenario which 

indicate the second path or 

the main scenario. 

 

 2a. Describe the exception of 

the scenario which 

indicates how the system 
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will recover or respond to 

the error situation. 

Post-condition(s) List the state(s) the system can be in when this use case ends 

The GATE (Bontcheva et al., 2004) processing resources, providing the sentence splitter, 

tokeniser, morphological analyser, speaker part, gazetteer and orthomatcher, are utilised with 

the ANNIE (' Near-New IE ') system plug-in.  Apart from ANNIE, GATE allows the use of the 

Java Annotation Pattern Engine (JAPE) transducer to process and recognise text over defined 

annotations to further identify patterns or entities in text. ANNIE relies on finite-state 

algorithms and JAPE supports an Ontology-API which helps represent knowledge 

understanding in object relations. 

 

Figure 5-2 GATE components for text extraction 

Figure 5.2 illustrates the flow, showing the input of text requirements being processed by the 

GATE NLP tool to produce an XML format output for sequence diagrams generation. This 
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process involves the ANNIE plug-in and JAPE transducer. The details of each process (labelled 

from 1- 9) are discussed in Table 5.2 using an example from the Point-of-Sale case study. 

Table 5-2: Text processing in NLP Module  

No Steps Example of text processed in NLP module 

1 Text requirement 

scenarios 
 

Actor Actions System Responses 

1. Cashier starts a new sale.  

2. Cashier enters item 

identifier. 

 

 1. System records sale line item. 

 2. System presents item 

description, price, and running 

total. 

3. Cashier REPEAT STEP 2-3 

until indicates done. 

 

 4. System presents total with taxes 

calculated. 

5. Cashier pays.  

 6. System handles payment. 

 7. System presents receipt. 

2 Segment text 

into separate 

sentences which 

end with ‘.’ 

 

 

Actor Actions System Responses 

1.Cashier starts a new sale.  

2.Cashier enters item identifier.  

 3.System records sale line item. 

 4.System presents item 

description, price, and running 

total. 

5.Cashier REPEAT STEP 2-3 

until indicates done. 

 

 6.System presents total with taxes 

calculated. 

7.Cashier pays .  

 8.System handles payment. 
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 9.System presents receipt. 

3 Split text into 

simple tokens 

(i.e. 

numbers,words, 

punctuation) 

 

 

Actor Actions System Responses 

1.Cashier.starts.a.new.sale.  

2.Cashier.enters.item.identifier.  

 3.System.records.sale.line.item.  

 4.System.presents.item.descript

ion.,.price., and.running.total. 

5.Cashier.REPEAT.STEP.2.- 

3.until. indicates.done. 

 

  6. … 

4 Identify the 

word suffix or 

root of word 

tokens 

 

 

Actor Actions System Responses 

1. Cashier start a new sale.  

2. Cashier.enter.item.identifier.  

 3. System record sale line item.  

 4. System present item 

description, price, and running 

total. 

5. …  

5 Tag each word 

with default set 

of grammar 

rules (i.e. Penn 

Treebank 

Tagset) 

 

 

Actor Actions System Responses 

1. /CD ./. Cashier/NN 

start/VBZ a/DT new/JJ 

sale/NN ./. 

 

2. /CD ./.  

Cashier/NN enter/VBZ item/NN 

identifier/NN ./. 

 

 3./CD ./.  

System/NN record/VBZ 

sale/NN line/NN item/NN./. 

 4.… 

6/7 

 

• List of Gazetter 

which matched 

the annotated 

Actor Actions System  Responses 

1. <class>Cashier</class> 

<msg>start a new sale</msg>. 
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8 

 

 

 

word and based 

on the specified 

JAPE rules. 

• Semantic tagger 

which uses 

JAPE rule to 

find potential 

classes, methods 

and parameter 

for sequence 

diagram 

formation. 

Conditional and 

repetitive 

scenarios such 

as 

REPEAT<RE> 

and 

IF..ELSE..THE

N  

 

• Known as 

‘Name Matcher’ 

and perform co-

reference, or 

entity tracking, 

by recognising 

relations 

between entities. 

(mapped object, 

methods and 

attribute) 

 

2. <class>Cashier</class><msg> 

enter item identifier</msg>. 

 

 3. <class> System</class><msg> 

record sale line item</msg> 

  4.  <class> System</class><msg> 

presents item</msg><param> 

description</param>, 

<param>price</param>, and 

run<param> total</param>. 

5. <class> Cashier</class>  

REPEAT STEP 2-3 until 

indicates done. 

 

 6. <class>System</class> 

<msg>presents total</msg> 

with <param>taxes</param>  

calculated. 

7. <class>Cashier</class> 

<msg>pays</msg> . 

 

 8. <class>System</class> 

<msg>handles payment</msg>.  

 9. <class>System</class> 

<msg>presents receipt</msg>. 

9 XML format 

text which then 

<SD> 

   <CLASS>Cashier</CLASS> 

   <CLASS>System</CLASS> 
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be the input to 

generate 

sequence 

diagram 
 

   <REQUEST> 

      <SEQUENCE_ID>1.</ SEQUENCE_ID > 

      <FROM>Cashier</FROM> 

       <TO>System</TO> 

       <MSG>start a new sale</MSG> 

        <PARAM />            

    </REQUEST> 

 <REQUEST> 

     <SEQUENCE_ID>2.</ SEQUENCE_ID > 

       <FROM>Cashier</FROM> 

       <TO>System</TO> 

        <MSG>enter item identification</MSG> 

       <PARAM />                       

    </REQUEST> 

… 

</SD> 

 

Input text is from the use case provided by the user in first step, which needs to be tokenised 

and split into sentences in Step 2 and 3, respectively. Each token (i.e. number, word, 

punctuation) is then assigned with Part-of-Speech (POS) tags, where the grammars are based 

on the Penn Treebank Tagset, which applies the Hepple's Brill-style tagger (Bruegge & Dutoit, 

2010). Hence, a word that is found to be a ‘stop word’ will be eliminated (i.e. : a, maybe, the, 

etc.…). This process is assisted by a morphological analyser which involves lemmatisation or 

word stemming in Step 4 and 5. In both of these steps, the suffix or root of the word token was 

identified before each word was tagged with a default set of grammar rules.  Next, in Steps 6 

and 7, the JAPE transducer will trigger the grammar rule to identify and annotate objects and 

messages from the given Syntactic Rules (SR). This semantic tagger uses the JAPE rules to find 

the potential classes, methods and parameters for the formation of sequence diagram with the 

Conditional and Repetitive scenarios such as REPEAT and IF .. ELSE.. THEN. This process 

called ‘Name Matcher’ occurred in Step 8, and it performs co-referencing or entity tracking by 
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recognising relations between entities where object, methods and attribute been mapped. 

Finally, the last step concerned the generation of an XML format of the sequence description, 

which can then be the used to create the sequence diagram.   

 

5.3 Use Case Scenarios to System Sequence Diagram (SSD) and Refined 

Sequence Diagram (rSD) 

The use case scenario in natural language form is translated into an XML format by defining 

appropriate tags. This approach is useful to model the use case to model the system sequence 

diagram. Table 5.3 specifies the type of mapping criteria between the UML sequences diagram, 

the use case-control structure and the XML tags. 

Table 5-3: Mapping relationship between sequence diagram, a use case specification and an 

XML structure 

Type Sequence 

Diagram UML 

2.0 

Use Case Specification 

Control Structure 

XML structure 

Process Operation  message 

 Synchronous   request 

 Asynchronous  respond 

Control 

Construct 

Interaction 

fragment (alt) 

IF … THEN … ELSE <IF><THEN><ELSE> 

</ELSE></THEN></IF> 

 Interaction 

fragment (loop) 

REPEAT … 

WHILE/GOTO 

<REPEAT> 

<WHILE></WHILE > 

</REPEAT> 

<REPEAT> 

< GOTO>< /GOTO> 

</REPEAT> 
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  REPEAT … UNTIL/DO <REPEAT>   

<UNTIL> </UNTIL> 

</REPEAT> 

<REPEAT>  

<DO></DO> 

</REPEAT> 

 Interaction 

fragment(par)  

  

Parameter Argument of 

operation 

  

 Return of 

operation 

 <respond><param> 

</param></respond> 

 Type of attribute  <param></param> 

The addition of XML tags will ease the auto-generation process of the system sequence 

diagrams (SSD). In Table 5-1 lists the structure of XML tags during the processing of the 

requirement input based on Figure 5-4 and Figure 5-5 . The SSD illustrates the input and output 

of events within a use case. Thus, once XML is generated, a frequency analysis step is 

performed to create frequency lists of the overall word form.  The selection of candidate classes 

depends on the frequency of the presence of the nouns and the results are verified by the user. 

The SSD is a system sequence diagram that illustrates the event interaction with external actors 

and the system object. The SSD diagram is an interface diagram between external actors and 

the system object. Figure 5.3 and Figure 5.4 illustrate the Point of Sales (POS) system 

specification for process sale use case and SSD generated. This SSD describes:  

a) each method with a sequence number label above the arrow; 

b) method parameters in brackets for each message; and 

c) the message represented as solid arrows, and returns represented as a dotted line 

arrow. 
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Figure 5-3 Text Requirements Processing and analysing via GATE tools generates object 

properties 
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Figure 5-4 GATE tools process the input text 

Table 5-1. xml generated at the back end 

<uml> 

    <lifelines> 

        <actor id="1" name="Cashier"/> 

        <actor id="2" name="System"/> 

        <actor id="0" name="Cashier"/> 

        <object id="1" name="System"/> 

        <object id="2" name="Customer"/> 

    </lifelines> 

    <request from="Cashier" to="System"> 

        <message method="starts"> 

            <arg name="new sale"/> 

        </message> 

    </request> 

    <loop condition="UNTIL finish."> 

        <request from="Cashier" to="System"> 

            <message method="enters"> 

> Method: starts 

 > From: Cashier To: System 

 > Params: [new sale] 

> Method: enters 

 > From: Cashier To: System 

 > Params: [item identifier] 

> Method: records 

 > From: System To: System 

 > Params: [sale line item] 

> Method: presents 

 > From: System To: Cashier 

 > Params: [item description, price, 

and total] 

> Method: presents 

 > From: System To: Cashier 
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                <arg name="item identifier"/> 

            </message> 

        </request> 

        <request from="System" to="System"> 

            <message method="records"> 

                <arg name="sale line item"/> 

            </message> 

        </request> 

        <response from="System" to="Cashier"> 

            <message method="presents"> 

                <arg name="item description, price, and 

total"/> 

            </message> 

        </response> 

    </loop> 

    <response from="System" to="Cashier"> 

        <message method="presents"> 

            <arg name="total with taxes calculated"/> 

        </message> 

    </response> 

    <request from="Cashier" to="Customer"> 

        <message method="tells"> 

            <arg name="the total,"/> 

        </message> 

    </request> 

    <request from="Cashier" to="Customer"> 

        <message method="asks"> 

            <arg name="payment"/> 

        </message> 

    </request> 

    <request from="System" to="System"> 

 > Params: [total with taxes 

calculated] 

> Method: tells 

 > From: Cashier To: Customer 

 > Params: [the total,] 

> Method: asks 

 > From: Cashier To: Customer 

 > Params: [payment] 

> Method: handles 

 > From: System To: System 

 > Params: [payment] 

> Method: presents 

 > From: System To: Cashier 

 > Params: [receipt] 
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        <message method="handles"> 

            <arg name="payment"/> 

        </message> 

    </request> 

    <response from="System" to="Cashier"> 

        <message method="presents"> 

            <arg name="receipt"/> 

        </message> 

    </response> 

</uml> 
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Figure 5-5 Ontology upload 
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Figure 5-6 Results generated from GATE and Ontology Mapping 

Figure 5-6 Process and generate refined Sequence Diagrams based on ontology domain 

The SSD generation is a relatively straightforward task as it only involves the external actors, 

message flow and System object. However, a more detailed system design can be derived with 

potential classes involving three common stereotypes (boundary, controller and entities). 
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Figure 5-7 Generate the Sequence Diagrams 

 

Figure 5-8 System Sequence Diagram (SSD) of Process Sale use case generation 
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Thus, to construct a refined Sequence Diagram (rSD) as shown in Figure 5-9, the classes 

selected from potential classes were finalised, and responsibilities determined for objects within 

the system.  To achieve this, an ontology is used (e.g.: POS-BMO) to map extraction properties 

to appropriate objects. Meanwhile, the remainder of other sequence diagrams are shown in 

Appendix E.  

 

Figure 5-9 Refined Sequence Diagram (rSD) of Process Sale use case generation 

 

 

 

 

  



Page | 87  

 

5.3.1 Domain Modelling with an Ontology 

The concepts in a domain and their relationship are known as ontology and are used to represent 

the domain and conceptual model.   It itself has a notion that represents the basis of the 

knowledge base and is strongly linked to contemporary object-oriented software design, 

adapting current object-orientated software development methodologies (Siricharoen, 2007). In 

ontology, concepts should be near to (physically or logically) objects and interactions in our 

area of concern, which will most probably be nouns (objects) or verbal phrases (relations).  

In this work, the author has facilitated domain-specific ontologies such as the Point of Sale 

ontology and the Cluedo domain ontology, which aim to find a set of correspondences between 

elements (classes, attributes, relationships). Each case study uses the Business Management 

Ontology (BMO) and Cluedo Game ontology based on the Cluedo original rules 1F

2. An ontology 

is a model of reality, and the concepts must reflect the reality of the case domain. The selection 

of both ontology instances was revised from the initial ontology by following the development 

of ontology steps: (1) Defining ontology classes; (2) arranging taxonomic (subclass-superclass) 

hierarchy classes; (3) defining slots and describing allowed values for these slots; (4) filling in 

slot values for instances; (5) establishing a knowledge base by defining individual cases of such 

classes, filling in specific property value data and extra property limitations. 

5.3.1.1 Business Management Ontology (BMO) 

Business Management Ontology (BMO) (Jenz & Partner, 2004) is an integrated information 

model with business process design, project management, and requirements performance 

management. It is the basis of knowledge-based business management and assists in better 

alignment of IT with business. Furthermore, the primary user of BMO is the business analyst, 

 

2 https://www.cluedofan.com/origrule.htm 
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while the IT expert uses it in mapping the ontology to the software related-definition (business 

objects and web service description).   

BMO allows the business analyst to define private business processes, identify public business 

collaboration, business entities and objects, and describe services that implement business 

process activities. Thus, it provides a vendor and product-neutral format rich semantic 

definition for business processes that then could bridge the gap between business and IT by 

mapping both concepts.  

BMO was developed by Jenz & Partner GmbH, a consulting firm that provides their business 

clients advice on analysing, designing, and implementing Business Process Integration 

Strategies consistent with their overall business goals. Their open-source BMO was made 

available online through the company’s website 2F

3 BMO enhanced flexibility and facilitates 

reuse. As well as that it focused on the separation of concerns and the ability to integrate 

ontologies in a flexible and efficient manner that allow reuse of business process context. The 

contents of the BMO include the data (instances) and definition where the higher-level ontology 

may import one or lower level ontologies (e.g., Business Integration ontology direct import 

ontologies from BPM-Integration, IT-Integration and Organisation Specific) and this separation 

prevents the case of unauthorised modification of ontologies by a user. Figure 5.10 shows the 

architecture of BMO: The major ontology is called BMO and there are instances of ontologies 

related to business management such as; Business integration, Organisation Specific, Industry 

Specific, Generic Business Domain Ontologies, Business Context Integration, Business 

Context, Code Lists, and IT ontologies. 

 

3 http://www.jenzundpartner.de/ (This site may have unmaintained content and links, last 

accessed 9th May 2022,) 

http://www.jenzundpartner.de/
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Figure 5-10: BMO architecture (Jenz & Gmbh, 2004) 

 

BMO was approximately had about 650 classes with around 40 ontologies, where some 

of the major classes are described in Figure 5-11. The BMO was designed to allow the user to 

define private, public and collaborative business processes specifications (using Business 

Process Modelling Notation). Table 5-4 illustrates major types of BMO ontology instances and 

their descriptions.  
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Figure 5-11. BMO Ontologies (Jenz & Partner, 2004) 

  



Page | 91  

 

Table 5-4: Major types of BMO Ontologies  

Ontology Description 

BMO Contains instances, without definition. 

Business Integration Represents the business integration level, which links 

ontologies together to form a ‘one-world-view'. 

Organisation Specific Integrates and extends generic business domain ontologies.  

Industry-Specific Multiple industry-specific ontologies may exist in parallel, 

which caters for the multi-industry organisation. In 

organisation-specific ontology, each industry-specific 

ontology integrates and extends generic business domain 

ontologies. 

BPM-Integration Forms the business process management integration layer. It 

provides associations of core business process concepts with 

generic business concepts, such as roles, business rules, 

business documents, etc. 

IT-Integration Represent the IT-integration layer, which links IT-related 

(technical) ontologies together. 

Generic business domain 

ontologies 

Represents generic business concepts, such as: 

• Roles 

• Business rules 

• Business documents 

• Durable information entities 

• Core components (basic business info. structures) 

• Resources 

BPM (core) Contains business process-specific concepts required to 

model process flows for private, public and collaborative 

business processes. 

Business context 

integration 

Forms the basic information layer 

Business context Allow for the definition of semantic and speech communities, 

and defines concepts, such as “universe of discourse”. 

Code list Contains code lists that are needed in almost every 

organisation. eg. countries, languages, currencies. 

IT Contains “technical-oriented” ontologies, such as the 

business object ontology. 
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5.3.1.2 Point of Sale Ontology (BMO subsets)  

The main goal of this approach is to describe and model the use case specification using a subset 

of BMO in a way that allows easy conversion to UML models. From forty ontologies of the 

default BMO, the author has established five ontologies which are relevant to the Point of Sale 

(POS) case study. The ontologies which are relevant to the POS system are Business Object, 

Roles, Task Implementation, Resources and TimeIntervalUnit. This subset of BMO has been 

named “POS-BMO”. The ontology instances are developed based on the steps explained in 

section 5.3.1. 

5.3.2 Identifying Class Responsibility Assignment using GRASP 

General Responsibility Assignment Software Patterns (or Principles) (Larman, 2004), also 

known as GRASP,  object-oriented (OO) classes and objects should be assigned responsibility 

according to these guidelines. Objects in an OO system have to provide functionality via 

methods encapsulated in objects. This encapsulation means that objects take responsibility for 

functions. Among other quality attributes, which objects take which responsibility has an 

impact on the cohesion in an object and the extent of coupling between objects. Thus, assigning 

responsibilities is a very important task in achieving high-quality systems.  GRASP guidelines 

assist software developers in negotiating trade-offs and maintaining high quality when writing 

class methods that affect multiple classes. GRASP aids in the comprehension of fundamental 

object design and the application of reasoning in a methodical, rational, and explainable 

manner. GRASP claims to provide simple building blocks for understanding object 

communications and facilitating design thinking. It assists in determining which object/class 

should be assigned which responsibility. Identify the objects and their associated 

responsibilities in the problem domain, as well as the ways in which objects interact with one 

another. Thus, define a blueprint for those objects or a class containing the methods necessary 

to carry out those responsibilities in achieving high quality systems. 
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In order to construct detailed sequence diagrams, we must consider how objects collaborate 

with other objects to implement system operations. Relevant GRASP patterns applied include 

‘Creator’, ‘Information Expert’, Controller, Low Coupling and High Cohesion principles as 

discussed in Chapter 4 in Section 4.2.4.  The goal of applying these principles is to identify 

class responsibilities and collaborations. 

Before the GRASP rules can be utilised, the prototype tool adds all the entity objects from the 

preceding ontology analysis and derives some individual messages using the GRASP rules. 

Finally, it divides the System into a Boundary class, a Controller class and Entity classes and 

adjusts the messages accordingly. These rules are constructed in the UC2SD tools by applying 

metrices to each entities such as attributes, message calls, message passes, inheritance 

existence, coupling and cohesion classes. 
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Figure 5-12 Class Diagram of Point of Sale (POS) System  

In GRASP the Creator pattern directs us to who (which class) should be responsible for creating 

a new instance of some class. We refered to the Point of Sale (POS) system example derived 

from Larman’s (2004), as shown in the class diagram in Figure 5-12 POS, as a useful way to 

explain the GRASP principles. A class diagram generated once the sequence diagrams has been 

modeled.  This approach described in Larman’s book is to start with the behavioural description 

in the use cases, to derive simple system sequence diagrams from those, then to establish which 

objects in the system are needed to fulfill the behavior by iteratively building detailed sequence 

diagrams showing the objects and message passing, thus at the same time building the class 

diagram. This class diagram is a benchmark after the sequence diagrams have been generated. 
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From these sequence diagrams, it is possible to create a class diagram which can be compared 

with the one above. 

Creator 

The Creator principle applied to ‘Process Sale’ use case is justified as follows: 

SystemRegister is responsible for creating the Sale object because the SystemRegister is used 

by the Cashier to call in a new Sale.  

The Sale object is responsible for creating the Payment object, as a Payment is only being made 

when a sale is being made. Hence, the SystemRegister makes a Sale object which in turn makes 

a Payment object.  

Information Expert 

The Information Expert principle guides us to assign responsibilities to objects where an object 

becomes an expert for a service if it has the ability or information to fulfil the obligations of 

that service. According to Larman, the Information Expert principle applied to the Process Sale 

use case is described as follows  (Larman, 2004): 

i. SystemRegister is the Information Expert for the following services: makeNewSale, 

enterItem, endSale, and makePayment, as it has the requisite information on hand to 

fulfil these obligations. 

ii. The Sale object is responsible for getTotal, makePayment, and makeLineItem. 

Therefore, the message flow should also include a call of makeLineItem  to the 

SalesLineItem object. 

iii. The Product object is responsible for providing its own price, so it has a function 

called getPrice for this activity. 
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Controller 

  The Controller pattern handles system operation messages between the actor and first object 

in the domain layer. It is responsible for delegating tasks to other objects. In general, we are 

trying to put the methods in a class that has the most knowledge of how to implement the 

method. This class will serve as a Controller so minimising the number of cross-dependencies 

between classes. We assumed that a Controller pattern could be identified with the controller 

stereotype class, detailed earlier. In one published heuristic (Bruegge & Dutoit, 2010) a 

controller class for each use case should be identified. Again the use of the Controller principle 

applied to the Process Sale use case is described as follows (Larman, 2004): 

i. SystemRegister is the controller class that is responsible for delegating messages flow from 

Cashier as the actor class. 

ii. Before each message received by entity classes, SystemRegister will take control of the 

messages. 

Table 5-5 shows the BCE concept applies to parsed POS classes. Meanwhile, Creator, 

Controller and Information Expert classes applied via GRASP are shown in Table 5-6 and Table 

5-7. 

Table 5-5: POS Class Stereotype Classes  

Boundary Controller Entity 

Cashier SystemRegister ProductCatalog 

  Sale 

  SalesLineItem 

  ProductDescription 

  Payment 
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Table 5-6: Creator, Controller and Information Expert of GRASP 

Creator Controller Information Expert 

Sale creates SaleLineItem SystemRegister ProductCatalog  

Sale creates Payment  SalesLineItem has quantity 

  ProductDescription has ItemID, price 

  Payment has amount 

 

Table 5- 7: GRASP rules concept for POS 

Method GRASP concept Description  

makeNewSale Cashier initiates SystemRegister to make a new sale 

create Creates Sale object.  

enterItem Need ItemID to enter Item. Request from ProductDescription 

(Information expert) 

getProductDescription Register(controller) instruct ProductDescription (Information 

expert) to retrieve the product description 

makeLineItem Sale make line item 

recordSale Sale record line item and creates SalesLineItem class 

endSale Cashier ends sale 

getTotal Gets total amount from Sale 

getSubTotal Gets sub-total amount from each sales line item (Information 

expert) 

getPrice Gets product price from ProductDescription (Information 

expert) 

makePayment Initiates payment 

create Creates Payment Object 

 

Coupling and cohesion 

High-cohesion and low-coupling GRASP concepts are not hard-and-fast laws, but targets to be 

accomplished as far as possible, despite other limitations, given their ability to sometimes 

conflict with each other. Finding an optimal design under GRASP thus involves a search 

through a solution space for a best solution. Such a search is not too complex if these are the 

only "soft constraints" we wish to optimise for.  However, if we wish to allow additional soft 



Page | 98  

 

constraints to be specified in the future, then the complexity can grow very quickly.  

Fortunately, some off-the-shelf open source tools are handling such complex directed searches. 

Drools Planner (Drools, n.d.; Weppenaar & Vermaak, 2011) was utilised in this work. 

   With any such planner, the soft constraints need to be quantified via a metric or fitness 

function to compare competing solutions. Quantifying Cohesion requires knowledge of the 

semantics of functions (whether two functions are "related" or "unrelated").  The current system 

has to rely on an ontology to provide this semantic information. Two sequence diagrams are 

created; an initial Sequence Diagram (iSD) and a refined Sequence diagram (rSD) generated 

from System Sequence Diagram and information extracted from the ontology. The class metrics 

are calculated based on the count of the messages sent to classes and this allows us to quantify 

the cohesion and coupling.  

Coupling is defined as an attribute of pairs of objects, but as a metric, it is aggregated to the 

total number of couples that one class has with other classes, thus implicitly assuming that all 

basic couples are of equal strength.  The metric calculations for coupling are formulated from 

the sum of attributes, message calls, message passes and the inheritance existence (Larman, 

2004).  

 Each of the counts is shown in the figures taken from the UC2SD tool from Figure 5-13 to 

Figure 5-24. The metrics need to be converted into scalar metric values for coupling, and 

likewise for cohesion. Metrics for both the iSD and rSD are shown to illustrate how the 

refinement is chosen and how it will decrease the coupling and cohesion metrics.  Metric counts 

as shown in (i) – (v) below demonstrate that an attribute or a parameter coupling happens when 

one class method invokes a method/passes parameter / passes the message to other class 

methods or to call another class's constructor. Meanwhile inheritance coupling occurs if one 

class is a superclass of another class. 



Page | 99  

 

In addition to the UC2SD tool output in Figures 5-13 to Figure 5-17, the following specifics 

indicate the number of classes / methods / attributes with a particular class, the number of 

attributes / messages between the classes. If the average value is equal to 0, that means the class 

does not have any relations with other classes in the system, or maybe it is not a part of the 

system. The usual value is between 1 and 4, with lower values indicating that the class is easier 

to maintain and more likely to be reusable. Higher numbers indicate tightly coupled classes.    

i. Attributes Metric 

TypeX has an attribute (data member or instance variable) that refers to a TypeY instance, or 

TypeY itself. 

Finding the average of attributes reference from the interaction between classes. 

𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒 𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑠 =  
∑ 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒 𝑜𝑛 𝑐𝑙𝑎𝑠𝑠 𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑙𝑎𝑠𝑠𝑒𝑠
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Figure 5-13 attributes count in iSD and rSD 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝐴𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒 𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑠 𝑓𝑜𝑟 𝑖𝑆𝐷 =  
8

7
  = 1.143 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝐴𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒 𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑠 𝑓𝑜𝑟 𝑟𝑆𝐷 =  
8

7
  = 1.143 

Both attribute metrics have the same value, which means both designs can be accepted. 

ii. Message calls Metric 

A TypeX object calls on service of a TypeY object. 

It is related to the complexity of the message transmitted between classes. This metric message 

calls equivalent to the number of messages call from a class, i.e. the number of procedural calls. 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝑚𝑒𝑠𝑠𝑎𝑔𝑒 𝑐𝑎𝑙𝑙𝑠 =  
∑ 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑒𝑠𝑠𝑎𝑔𝑒 𝑐𝑎𝑙𝑙𝑠

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑙𝑎𝑠𝑠𝑒𝑠
 

 

Average of Attribute 

Interaction 
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Figure 5-14 Message calls in iSD and rSD 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝑀𝑒𝑠𝑠𝑎𝑔𝑒 𝐶𝑎𝑙𝑙𝑠 𝑓𝑜𝑟 𝑖𝑆𝐷 =  
11

7
  = 1.571 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝑀𝑒𝑠𝑠𝑎𝑔𝑒 𝐶𝑎𝑙𝑙𝑠 𝑓𝑜𝑟 𝑟𝑆𝐷 =  
11

7
  = 1.571 

 

Both messages calls metrics have the same value, which means both designs can be accepted. 

iii. Message Passes Metric 

 

TypeX has a method that references an instance of TypeY, or TypeY itself, by any 

means. These typically include a parameter or local variable of TypeY, or the object 

returned from a message being an instance of TypeY. 

It is related to the complexity of the message transmitted between classes. This is metric 

message passes equivalent to the number of messages sent from a class, i.e. the number of 

procedural passes. 

  

Average of Message Calls Interaction
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Figure 5-15 Message passes in iSD and rSD 

 

 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝑚𝑒𝑠𝑠𝑎𝑔𝑒 𝑝𝑎𝑠𝑠𝑒𝑠 =  
∑ 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑒𝑠𝑠𝑎𝑔𝑒 𝑝𝑎𝑠𝑠𝑒𝑠

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑙𝑎𝑠𝑠𝑒𝑠
 

 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑀𝑒𝑠𝑠𝑠𝑎𝑔𝑒 𝑃𝑎𝑠𝑠𝑒𝑠 𝑖𝑛 𝑖𝑆𝐷 =  
1

7
  = 0.143 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑀𝑒𝑠𝑠𝑠𝑎𝑔𝑒 𝑃𝑎𝑠𝑠𝑒𝑠 𝑖𝑛 𝑟𝑆𝐷 =  
0

7
  = 0 

 

Figure 5-11 show the results of Message passes for iSD and rSD, only iSD shows the value 

since one message passes Sale class with 0.143 average. 

 

i. Inheritance Existence Metric 

TypeX is a direct or indirect subclass of TypeY 

Counting the average of any inheritance existence occurring in the interactions between classes. 

In Figure 5-10 below no inheritance exists. 

 

 

Average of Attribute 

Interaction 
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Figure 5-16 Inheritance non-existent in iSD and rSD 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝑖𝑛ℎ𝑒𝑟𝑖𝑡𝑎𝑛𝑐𝑒 𝑒𝑥𝑖𝑠𝑡𝑒𝑛𝑐𝑒 =  
∑ 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛ℎ𝑒𝑟𝑖𝑡𝑎𝑛𝑐𝑒 𝑒𝑥𝑖𝑠𝑡𝑒𝑛𝑐𝑒

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑙𝑎𝑠𝑠𝑒𝑠
 

In the case shown in Figure 5-12, inheritance does not exist since no direct or indirect subclass 

found for each of the classes. 

 
ii. Coupling Metric 

Sum of Attributes, Calls, Passes, and Inheritance 

             

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝑐𝑙𝑎𝑠𝑠 𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛 =  
∑ 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑙𝑎𝑠𝑠 𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑙𝑎𝑠𝑠𝑒𝑠
 

 

 

  

Average of Inheritance Existence 
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Figure 5-17 Metric Coupling in iSD and rSD 

 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝑐𝑙𝑎𝑠𝑠 𝐼𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛 =  
20

7
  =   2.857 

 

The cohesion of a class can be described as the extent to which class members relate to one 

another (i.e. methods and attributes). Cohesion is usually measured on structural details derived 

from the source code  (e.g., method calls and attribute references in methods) and measures the 

strength of the association of elements within a class. Likewise, the messages and attributes 

flow in the sequence diagram can be used to measure the class cohesion. Figure 5-18 to Figure 

5.24 show the cohesion metric in the Point of sales case study on Process sale use case. In these 

screenshots, the cohesion value is measured based on the relationship between classes with 

methods calls and attribute references in the methods.  

Figure 5-18 illustrates that the class for System_UI interacts with processSaleHandler class via 

three calling methods: enter(item identifier), pay(total) and startNewSale(). Each method calls 

to processSaleHandler class is TRUE if an interaction exists. The class cohesion for System_UI 

Average of Attribute Interaction 
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is 1.0, which indicates that it is highly cohesive. Conversely, a value of zero for class cohesion 

would mean the absence of the measure class calls and attribute reference.  

 

Figure 5-18 Metric Cohesion in iSD and rSD –System_UI Class 

Figure 5-19 shows the similarity of class calls and attribute of ProcessSaleHandler with class 

cohesion measured 1.0. 

 

Figure 5-19 Metric Cohesion in iSD and rSD –System_UI Class 
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In Figure 5-20 and Figure 5-23 both classes (Sale and Item) have cohesion value 0.5 indicating 

that the cohesiveness is moderately good. Meanwhile, for other classes such as SaleLineItem, 

and ProductCatalog are measured as 1.0. Thus, Figure 5-24 shows only Payment class cohesion 

measure 0 due to non-existence of the elements. 

 

Figure 5-20 Metric Cohesion in iSD and rSD –Sale Class 

 

Figure 5-21 Metric Cohesion in iSD and rSD –SaleLineItem Class 
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Figure 5-22 Metric Cohesion in iSD and rSD –ProductCatalog Class 

 

 

Figure 5-23 Metric Cohesion in iSD and rSD –Item Class 
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Figure 5-24 Metric Cohesion in iSD and rSD –Payment Class 

 

In the selection process, the higher the average scores, the higher the possibility the diagrams 

will be chosen. In some cases, iSD will produce higher scores than rSD which means the quality 

of the sequence diagram is better.  

The metrics measurement will be applied for the iSD and rSD in these circumstances: 

• If the design shown currently in the rSD tab produces worse metrics that the one in iSD, 

the tool would not select the design currently as the rSD. It would either leave the design 

unchanged from iSD, or possibly produce some different design. 

• The idea of refinement should be to reduce the coupling. But if it increases the cohesion, 

then to justify the increase in coupling as a trade-off. 

• The alternative is to swap the iSD and rSD and as well depend on how the cohesion is 

lower i.e. nearer to zero. 
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• The result of the metric cohesion shows none of the classes has a different cohesion 

score for the rSD over the iSD. So the only metric that is different right now is the 

coupling, and according to it the iSD is better than the rSD. 

  The sequence diagram is evaluated in terms of a set of measures: Completeness, Correctness, 

and BCE (the Boundary/Controller/Entity principle) Consistency. To evaluate the quality of 

sequence diagrams produced by participants, the author will make use of sequence diagrams 

given in textbooks or other resources. In the case of none of the resources being available, help 

from Object-Oriented experts is needed. 

 

5.4 Summary 

Use Case Specification to Sequence Diagrams (UC2SD) is a tool that uses a new approach to 

designing Natural Language UML application designs, using a meta-domain-oriented ontology, 

well-established software design concepts, and Natural Language Processing tools. The 

approach aims to produce high-quality and robust concepts through Class Responsibility 

Assignments (CRAs). In deriving behaviour models (such as Sequence Diagrams), Larman's 

GRASP or General Assignment of Responsibility Patterns (or Principle)  was used to direct the 

CRA method.  To provide designers and developers with a cognitive toolkit for the analysis and 

development of object-oriented code, CRA was developed and integrated with the UC2SD to 

calculate the metrices in finding the optimal design under GRASP principles. GRASP provides 

a road map of essential considerations that serves as a strong guide for an object-oriented 

designer.The following chapter describes the result and discussion of the investigation based 

on case studies. 
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 RESULTS AND DISCUSSION 

6.1 Overview 

The implemented methods and supporting tool, UC2SD, aims to automatically transform 

requirements to UML sequence diagrams. The tool depends on several existing technologies. 

It is built in Java using the GATE framework (Cunningham, 1995). GATE contains an 

information extraction (IE) system called A Nearly-New Information Extraction System 

(ANNIE)  (Cunningham et al., 2002) for NL processing of the textual requirements. The 

ANNIE system contains several language processing tools such as a sentence splitter, a 

tokeniser, a part of speech (POS) tagger and a syntactic parser. The Stanford parser built under 

the GATE framework is used as the NL parser. The sentences pattern rules are implemented 

via the JAPE grammar transducer. This chapter will explain the validation of the approach using 

two case studies, where the study compares sequence diagrams generated by the UC2SD tool 

to those created manually by experts and computer science master students. 

 

6.2 Case Studies 

6.2.1 Point of Sale 

A Point of Sale (POS) system is a computing based system used to record sales and handle 

payments (process payment); it is typically used in a retail store. It includes hardware 

components such as a computer and a bar code scanner and software to run the system. In this 

case study, as taken from (Larman, 2004) the process involves four use cases; ‘Log on’, 

‘Process sale’, ‘Refund purchased item’ and ‘Log out’. 

The ‘Log on’ use case describes how a user logs into the Point of Sale system. The cashier, the 

main user of the system is required to log with his/her username and password in order to initiate 

the system. 
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The Process Sale use case is specified as when a customer comes to a shop counter with a 

selection of items. The cashier immediately initiates a new sale. The cashier checks whether 

the customer is a new or an existing customer. In the case of an existing customer, the customer 

record is retrieved from the system. A list of items is included in a new sale for a specific 

customer. Finally, a receipt is generated and the sale is saved in the database. 

The ‘Refund purchased item’ use case will be initiated by the cashier once a refundable item is 

accepted from the customer. This process involves updating the current sales record and 

refunding the cost of item returned. 

The Log out use case goal is to disable the cashier access to the system and the cashier will no 

longer require access to the system to perform their job. A ‘logged out’ out message will also 

appear to acknowledge the cashier action. 

 

Figure 6-1 Point of Sale (POS) System Use Case Diagram 

6.2.2 Cluedo Game 

The commercial version of the game is produced by Hasbro and involves a board which 

represents the rooms in the house and access between them. The players are represented on the 

board using coloured pieces, one for each of the suspects. Movement about the board is done 

by rolling a dice and the player moves their piece that number of squares towards a room. A 
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turn consists of rolling the dice and moving (or staying in the current room), making a 

suggestion (if the player's piece is in or has reached a room), which purpose is to eliminate 

possibilities. While making an accusation made when the player thinks s/he knows the solution 

(if the player feels she knows who the murderer, weapon and location of the murder is). The 

coloured piece of a player must be in a particular room before they can make a suggestion 

involving that room. Also the coloured piece representing the relevant suspect is moved from 

its current position on the board into the room involved in the suggestion (Dixon, 2004). 

Table 6- 1: The suspects (coloured piece), weapons and room in Cluedo.                

Six Suspects Six Weapons Nine Rooms 

Col. Mustard (Yellow) 

Prof. Plum (Purple) 

Rev. Green (Green)  

Mrs. Peacock (Blue) 

Miss Scarlett (Red) 

Mrs. White (White) 

Dagger  

Candlestick  

Revolver 

Rope 

Lead Piping 

Spanner 

lounge    

conservatory    

dining room    

study   

ballroom    

kitchen    

hall   

billiard room    

library 

 

For the purpose of this research, the case study has been applied to one of the postgraduate 

courses in the Queen’s University of Belfast for CSC4002 “Advanced Software Design”. 

Sixteen students were given an assignment (refer to the Appendix D) which made use of the 

Cluedo Game. Students were asked to create a software design document consisting of essential 

use cases and accompanying system sequence diagrams. Their result then became the input for 

the NL2SD tool. 
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Figure 6-2 Cluedo Game Use Case Diagram 

 

6.3 Design of the Evaluation 

Two case studies with different software system descriptions were used to evaluate the 

generation of a sequence diagram of the proposed approach. As discussed in chapter 5, the use 

case specifications for Point of Sale (POS) system were taken from a well-known textbook 

author on Software Engineering (Larman, 2004) and have been further adjusted and enhanced 

based on expert guidance. Similarly, use cases were used for the CLUEDO case study, created 

by Master students and refined by the instructor for the modelling course. The UC2SD 

automatically generated sequence diagrams. These diagrams were used as a basis of the 

assessment as they are considered correct and complete, and therefore referred to as the 

reference diagrams. Furthermore, the manually created sequence diagrams by master students 

were compared with the ones automatically generated from the UC2SD tool.  
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Table 6-2 summarises some entity type counts of each case study system: use cases, the number 

of messages (MSG), objects (OBJ), attributes (ATT), and combined fragment (CF) of the 

sequence diagram. A Combined Fragment is used to bring together groupings of messages in a 

sequence diagram to illustrate conditional flow. The author has modelled four of them in this 

thesis that are often used: alternatives (alt), option (if..else..then), parallel (par), and loop 

(loop).Table 6- 2: Entity types counts of each case study system - sequence diagram.                       

Case 

studies 

Use case No. of 

Messages 

(MSG) 

No. of Lifeline 

(LL) 

No. of 

Attributes 

(ATT) 

No of 

Combined 

Fragment (CF) 

Point of 

sale  

Sign On 4 5 2 1 

Process Sale 10 9 7 1 

Refund 

Purchase Item 

6 8 4 0 

Sign Out 2 2 0 0 

Cluedo Register 5 3 2 0 

Create Game 4 4 2 0 

Join Game 6 4 3 1 

Start game 4 4 2 0 

Display board 2 2 1 0 

Take turn 4 6 1 0 

Move 

character 

3 2 2 0 

Use secret 

passage 

4 4 0 0 

Make 

suggestion 

3 2 4 1 

Make 

accusation 

5 4 3 1 
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The structure quality measurements are calculations for figuring the chosen characteristics. 

Quality estimation requires a standard for the UML model (Blundell et al., 1997; Card & Glass, 

1990). This is followed by a comparison with the actual state of the model. The nearer the model 

is to the standard, the higher the quality level it meets. The overall design quality is expressed 

by the ratio below (Seidl & Sneed, 2010): 

𝑇𝑒𝑠𝑡𝑒𝑑_𝐷𝑒𝑠𝑖𝑔𝑛

𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒_𝐷𝑒𝑠𝑖𝑔𝑛
 

 

The metric's upper limit is 1. The quality objective is exceeded if the Tested_Design exceeds 

the Reference_Design. The average quality is defined by an 0.5 quotient coefficient. The quality 

is relative, and it should be remembered that the ratio in itself may not have so much 

significance. Compared with the proportion obtained from different models, it shows that, at 

least in regard to the quality trait that is measured, one structure has better or lower quality than 

the other. Since the quality of a system design is not absolute, it can only be evaluated in relation 

to another's quality.  

Meanwhile, completeness of a design means that all of the requirements and use cases specified 

in the requirements document are covered by the design documentation. To examine the 

completeness, a link with the repository is required and identical names must be used for the 

same entities. Unfortunately, the state of knowledge technology is far from this ideal. Therefore, 

what's measured here is simply formal completeness, i.e. that each one of the diagrams and its 

entities are present. Degree of completeness could be a simple ratio of finished documents to 

needed documents. 

Three measures are used to evaluate the quality of a sequence diagram (SD): SD Completeness, 

SD Correctness, and BCE Consistency.  BCE consistency determines if a sequence diagram 
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adheres to the Boundary-Control-Entity (BCE) sequence diagram design principle. They are 

defined in Table 6.4 based on simpler approximation measures as shown in Table 6-3. Data are 

collected from the reference sequence diagrams to compute the first four measures ( 

𝑁𝑀𝑆𝐺−𝑟 ,𝑁𝐿𝐿−𝑟 ,𝑁𝐴𝑇𝑇−𝑟, 𝑁𝐶𝐹−𝑟) in Table 6-2; while data are collected from the sequence diagrams 

being evaluated for the last 13 measures (Table 6-2 from measure number 5 - 17). These aspect 

examines the relationship between a participant's sequence diagram (tested sequence diagram) 

and the reference sequence diagram. 

Table 6- 3: Measurements to derive the Sequence Diagrams              

No Measures Description 

1 𝑁𝑀𝑆𝐺−𝑟 # of messages (MSG) in the reference sequence diagram 

2 𝑁𝐿𝐿−𝑟 # of lifelines (LL) in the reference sequence diagram 

3 𝑁𝐴𝑇𝑇−𝑟 # of attribute (ATT) in the reference sequence diagram 

4 𝑁𝐶𝐹−𝑟 # of combined fragments (CF) in the reference sequence diagram 

5 𝑁𝑀𝑆𝐺−𝑡 # of messages (MSG) in the tested sequence diagram 

6 𝑁𝐿𝐿−𝑡 # of lifelines (LL) in the tested sequence diagram 

7 𝑁𝐴𝑇𝑇−𝑡 # of attribute (ATT) in the tested sequence diagram 

8 𝑁𝐶𝐹−𝑡 # of combined fragments (CF) in the tested sequence diagram 

9 𝑁𝑚𝑀𝑆𝐺−𝑡 # of missing messages (MSG) in the tested sequence diagram 

10 𝑁𝑚𝐿𝐿−𝑡 # of missing lifelines (LL) in the tested sequence diagram 

11 𝑁𝑚𝐴𝑇𝑇−𝑡 # of missing attribute (ATT) in the tested sequence diagram 

12 𝑁𝑚𝐶𝐹−𝑡 # of missing combined fragments (CF) in the tested sequence diagram 

13 𝑁𝑖𝑀𝑆𝐺−𝑡 # of incorrect messages (MSG) in the tested sequence diagram 

14 𝑁𝑖𝐿𝐿−𝑡 # of incorrect lifelines (LL) in the tested sequence diagram 

15 𝑁𝑖𝐴𝑇𝑇−𝑡 # of incorrect attribute (ATT) in the tested sequence diagram 
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16 𝑁𝑖𝐶𝐹−𝑡 # of incorrect combined fragments (CF) in the tested sequence diagram 

17 𝑁𝑣𝐵𝐶𝐸−𝑡 # of violations of Boundary-Controller-Entity (BCE) principle 

 

The completeness of a sequence diagram  ( 𝑄𝑆𝐷𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒 ) is computed as the arithmetic mean 

of the Message Completeness (𝑄𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒−𝑀𝑆𝐺), the Lifelines Completeness (𝑄𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒−𝐿𝐿), the 

Attribute Completeness (𝑁𝐴𝑇𝑇−𝑡), and the Combined Fragment Completeness (𝑁𝐶𝐹−𝑡).  The 

correctness of a sequence diagram (𝑄𝑆𝐷𝑐𝑜𝑟𝑟𝑒𝑐𝑡) is determined by the correctness of messages 

(𝑄𝑐𝑜𝑟𝑟𝑒𝑐𝑡−𝑀𝑆𝐺), attributes (𝑄𝑐𝑜𝑟𝑟𝑒𝑐𝑡−𝐴𝑇𝑇), combined fragments (𝑄𝑐𝑜𝑟𝑟𝑒𝑐𝑡−𝐶𝐹), and message 

ordering (𝑄𝑐𝑜𝑟𝑟𝑒𝑐𝑡−𝑆𝐸𝑄) since these are considered to be important aspects in a sequence 

diagram. To evaluate whether a student’s sequence diagram conforms to the Boundary-Control-

Entity (BCE) design principle of analysis sequence diagrams, the BCE Consistency 

(𝑄𝐵𝐶𝐸𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑡) as defined in Table 6-4 is measured. In this Boundary Controller Entity (BCE) 

pattern, the generated sequence diagrams do not permit communication between boundary and 

entity classes. To handle relationships between these classes, it generates a Controller class that 

acts as a mediator class (Blaha & Rumbaugh, 2005). Any violation or breach of the following 

three regulations is regarded as a breach of the BCE principle and thus adds to the 

𝑁𝑣𝐵𝐶𝐸−𝑡  measure. The summary of the three rules of BCE principle which must be followed, 

listed as below; 

• A message is sent to a Controller object from a Boundary object. 

• A message is sent to a Controller object from an Entity object. 

• A message is sent to a Boundary object from a Controller object. 
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Table 6- 4: The degree of design quality metrics of the sequence diagram 

Category Measurements Formula 

Sequence 

Diagram 

Completeness  

𝑄𝑆𝐷𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒 

 

Message Completeness 

𝑄𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒−𝑀𝑆𝐺 = 1 -   
NmMSG-t

NMSG-r
 

𝑄𝑆𝐷𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒 =  
Qcomplete-MSG +  Qcomplete-LL +  Qcomplete-ATT+   Qcomplete-CF 

4
 

 

Lifeline Completeness 

𝑄𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒−𝐿𝐿 = 1 −   
𝑁𝑚𝐿𝐿−𝑡

𝑁𝐿𝐿−𝑟
 

Attribute Completeness 

𝑄𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒−𝐴𝑇𝑇 = 1 −  
𝑁𝑚𝐴𝑇𝑇−𝑡

𝑁𝐴𝑇𝑇−𝑟
 

Combined Fragment Completeness 

𝑄𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒−𝐶𝐹 = 1 −   
𝑁𝑚𝐶𝐹−𝑡

𝑁𝐶𝐹−𝑟
 

Sequence 

Diagram 

Correctness 

Message Correctness 

𝑄𝑐𝑜𝑟𝑟𝑒𝑐𝑡−𝑀𝑆𝐺  =  1 −  
𝑁𝑖𝑀𝑆𝐺−𝑡

𝑁𝑀𝑆𝐺−𝑡
 

𝑄𝑆𝐷𝑐𝑜𝑟𝑟𝑒𝑐𝑡 = 
𝑄𝑐𝑜𝑟𝑟𝑒𝑐𝑡−𝑀𝑆𝐺 +  𝑄𝑐𝑜𝑟𝑟𝑒𝑐𝑡−𝐿𝐿 +  𝑄𝑐𝑜𝑟𝑟𝑒𝑐𝑡−𝐴𝑇𝑇+   𝑄𝑐𝑜𝑟𝑟𝑒𝑐𝑡−𝐶𝐹+ 𝑄𝑐𝑜𝑟𝑟𝑒𝑐𝑡−𝑆𝐸𝑄 

5
 

 

Lifeline Correctness 
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𝑄𝑆𝐷𝑐𝑜𝑟𝑟𝑒𝑐𝑡 

 

𝑄𝑐𝑜𝑟𝑟𝑒𝑐𝑡−𝐿𝐿 =  1 −  
𝑁𝑖𝐿𝐿−𝑡

𝑁𝐿𝐿−𝑡
  

 

 

 

Attribute Correctness 

𝑄𝑐𝑜𝑟𝑟𝑒𝑐𝑡−𝐴𝑇𝑇 = 1 −  
𝑁𝑖𝐴𝑇𝑇−𝑡

𝑁𝐴𝑇𝑇−𝑡
 

Combined Fragment Correctness 

𝑄𝑐𝑜𝑟𝑟𝑒𝑐𝑡−𝐶𝐹 = 1 − 
𝑁𝑖𝐶𝐹−𝑡

𝑁𝐶𝐹−𝑡
 

Message Sequence Correctness 

𝑄𝑐𝑜𝑟𝑟𝑒𝑐𝑡−𝑆𝐸𝑄 = 1 − 
𝑁𝑖𝑆𝐸𝑄−𝑡

𝑁𝑀𝑆𝐺−𝑡
 

BCE 

Consistency 

 

𝑄𝐵𝐶𝐸𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑡 = 1 −  
𝑁𝑣𝐵𝐶𝐸−𝑡

𝑁𝑚𝑀𝑆𝐺−𝑡
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6.4 Evaluation Result and The Analysis 

The result of comparing the UC2SD sequence diagram with the expert's solution is 

provided in Table 6-5 for each of the use cases systems’ evaluation criteria based on the SD 

completeness, SD Correctness and BCE consistency.  

Table 6- 5: The sequence diagrams evaluation results from UC2SD against experts result. 

Case 

studies 

Use case SD Completeness SD Correctness BCE Consistency 

Point of 

sale  

Sign On 0.84 0.93 1.00 

Process Sale 0.78 0.95 1.00 

Refund Purchase 

Item 

1.00 0.95 1.00 

Sign Out 1.00 1.00 1.00 

Cluedo Register 0.95 1.00 1.00 

Create Game 1.00 0.90 1.00 

Join Game 0.96 1.00 1.00 

Start game 0.94 0.90 1.00 

Display board 1.00 1.00 1.00 

Take turn 0.96 0.95 1.00 

Move character 1.00 0.93 1.00 

Use secret passage 1.00 1.00 1.00 

Make suggestion 1.00 0.93 1.00 

Make accusation 1.00 0.95 1.00 

Average 0.96 0.96 1.00 

 

As shown in the last row of Table 6-5, on average, when compared with expert, UC2SD 

achieved very high in SD completeness (96 per cent) and SD correctness, (96 per cent) while 

BCE consistency was a perfect 100 per cent. This investigation showed  that the sequence 



Page | 123  

 

diagrams  in the source text book are fully conform to their JAPE’s sentence pattern (refer 

Appendix C). 

Table 6- 6: Sequence diagrams evaluation results of Master’s students against UC2SD 

Systems Completeness Correctness BCE 

Cons

isten

cy 

LL MSG ATT CF SD LL MSG ATT CF MSG_

SEQ 

SD 

POS 0.89 0.81 0.93 0.94 0.90 0.82 0.73 0.79 0.97 0.81 0.82 0.97 

Cluedo 0.84 0.78 0.83 0.74 0.80 0.84 0.74 0.97 0.97 0.88 0.88 0.92 

Table 6-6  summarises the comparison of UC2SD sequence diagrams with sequence 

diagrams designed by masters students who take the software engineering course using two 

systems: Point of Sales (POS) and Cluedo Game. The students were asked to compose use 

case specifications and manually derived sequences diagrams from both systems’ use cases.  

The instructions (refer to Appendix D) were given to the students to complete the 2 hours 

duration for each task. The collected data were obtained and compared based on the same 

set of use cases specification and sequence diagrams. After being filtered and with some of 

the incomplete use cases and diagrams being discarded from the students, the author has 

obtained 10 and 15 samples for POS and Cluedo, respectively. The mean values of these two 

samples for distinct criteria are shown in Table 6-6. From the table, the manually derived 

sequence diagrams by the students for POS and Cluedo have average completeness of 90 

per cent and 80 per cent, corresponding to the sequence diagram messages generated by 

UC2SD. Meanwhile, for the sequence diagram correctness, the achievements are 82 per cent 

and 88 per cent, respectively. Results from Table 6-6 above strongly indicate that the  

students are unlikely to be as effective as the US2SD tool when deriving sequence diagrams 

from use case specifications. 
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6.5 Discussion and Analysis 

Returning to the question introduced in Section 6.1, the result of the evaluations attempts to 

answer the questions below in order to address the research objectives;  

a. Which Natural Language Processing (NLP) techniques can be successfully applied to 

Object-Oriented Software Engineering (OOSE) to accurately produce detailed 

software design models from requirements (essential use cases)?  

b. How efficient is each pre-processing technique in transforming text requirements to 

an analysis model? 

c. Can Natural Language Processing (NLP) be applied to textual requirements to improve 

the accuracy and efficiency of the translation from text to UML sequence diagrams 

and program code?  

d. Does the meta-heuristic optimisation algorithm with the aid of General Responsibility 

Assignment Software Principle (GRASP) provide an appropriate means to effect a 

good OO design? 

Regarding the first research question, Linguistic Engineering (LE) techniques such as lexical 

analysis, syntactic and semantic text analysis have been successfully applied to Object-

Oriented Software Engineering (OOSE) to accurately produce detailed software design 

models automatically from requirements (essential use case). Moreover, these essential 

techniques in LE have been adapted into US2SD framework and with the integration of 

sentence pattern rules. 

Question b) and c) referred to the efficiency of each pre-processing technique in 

transforming text requirement requirements to produce UML sequence diagrams and 

program code completely and accurately. The author applied the domain ontology for the 
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improvement of concepts identification, collected ontology on the basis of a study and 

survey that we performed on Point of Sale (POS) and Cluedo game, and then the author has 

organised the ontology in such a manner that it is easy to maintain and reuse. The ontology 

data involves inputs for POS and Cluedo classes, attributes, and interactions. These 

approaches help produce a correct and complete software model based on data extraction 

accuracy and retrieval from requirements specifications. 

The final question concerned whether the meta-heuristic optimisation algorithm with the aid 

of General Responsibility Assignment Software Principles (GRASP) is an appropriate 

means to effect a good OO design. Every GRASP pattern used to define the class relationship 

and collaboration has its own task and usage. Using the BCE measurement and rules, it is 

possible to evaluate the creator, controller and information expert. Once GRASP was applied 

to Class Responsibility Assignment (CRA), it was found that it was not always the correct 

or optimum alternative.  Each class should have responsibilies in the object-oriented 

software system and should be optimally assigned. For each software component, an ideal 

fitness or metric calculation has been developed and used. Eventually, the work has 

successfully developed automated support for CRA to provide a cognitive toolset to help 

designers and developers on the analysis and design of object-oriented software. 

6.6 Summary 

Overall the work has investigated these research questions via the implementation of the Use 

Case to Sequence Diagram (UC2SD) tool, making use of the linguistic engine known as 

GATE and the heuristic rule JAPE transducer in producing complete and correct sequence 

diagrams. 
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 CONCLUSION 

7.1 Overview 

This chapter concludes the research work presented in the previous chapters. The research 

problem and questions derived from it are answered. In addition, the achievements and 

limitations of the work are discussed. The thesis started with identifying some areas of 

concern in existing approaches and objectives to improve the process of translating natural 

language requirements to software design. To achieve these objectives, the UC2SD approach 

and tool was designed and developed. The development of the UC2SD tool has been driven 

by a literature review from which the author has observed that existing approaches impose 

or cannot effectively or (semi-) automatically produce a dynamic model and coherent 

analysis. Additionally, current approaches impose unacceptable limitations on document 

specifications. The following sections will define the work carried out in line with the 

research goals and contributions set out in Chapter 1. It will also clarify the limitations of 

the current work. In future works, potential additional enhancements and extensions will be 

addressed. 

 

7.2 Contributions & Achievements 

UML analytical models are a significant step in the model-driven growth of usage case 

specifications; however, this step has not been given sufficient attention, and restricted 

automated assistance has been suggested. This is mainly due to the reality that requirements 

are mainly textual documents, for example, using case specifications, and are harder than 

other software artefacts to analyse.  
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The primary goal of this work is to demonstrate the automated transition from textual use 

case requirements to a conceptual visualisation of the dynamic software models. In order to 

achieve this goal, the author has established three objectives to accomplish this goal; 

a. To investigate and analyse the approaches that are presently used for extracting 

behavioural models from natural language text, to evaluate their strengths and 

weaknesses, and to identify the Natural Language Processing (NLP) techniques that 

might be incorporated in a new tool. 

A review of the techniques and tools used to map natural language requirement into 

UML diagrams was performed, and its results are summarised in Chapter 3: 

Literature Review. There is a major demand for a design tool that minimises the 

number of errors in UML Diagrams from the findings. Despite advancements in 

natural language text mapping, no completely automated tool has ever been 

developed. Thus, human intervention has to be incorporated into the process. The 

study shows that most natural language mapping systems utilise linguistic rules and 

natural language methods to aid the mapping. Further research shows that methods 

used to map natural language into conceptual models include linguistics-based, 

knowledge-based, and other approaches. Few studies have included more than one 

method to increase performance by integrating ontologies. However, developing 

domain-independent knowledge is both difficult and time-consuming.  

b. To develop a semi-automated prototype using a domain-independent and ontology 

approach that addresses the shortcomings of existing methods. 

The methodology used in this study is based upon the utilisation of natural language 

processing of text and which utilises acquired information to aid in the construction 
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of knowledge and optimization of efficiency of the model generated. The goal here 

is to use NLP, ontology, linguistic rules, and human interaction all together in a single 

model. The inclusion of knowledge in related domain ontologies will help to refine 

the object and properties candidates. In the software design and the implementation 

phases, these components will assist in building software models such as UML 

diagrams and software code. The data verification for each module will be evaluated 

by human experts. In semi-automatically producing behavioural models from text 

the following tasks have been accomplished: (1) A demonstration of linguistic 

algorithms using US2SD tool to identify the proper object, classes, attributes 

relationships and so forth for building a System Sequence Diagram (SSD) and 

Refined Sequence Diagram (rSD) by applying rules based on GRASP Principles. (2) 

A process has been developed for building an ontology to help improve the mapping 

process of words terms nouns/verbs etc.) to UML notations, particularly relating to 

behaviour (objects/messages etc.). 

c. To perform an empirical assessment of the technique using the prototype in order to 

determine the tool's efficacy. 

Two case studies were used as a way of evaluating the sequence diagrams produced 

by UC2SD against those developed by professionals and these have been evaluated 

in several dimensions. Results show that the UC2SD approach sequence diagrams 

are very close to those developed manually by experts and are almost complete.  In 

academic and even industrial sectors, it is common practice to use a glossary, an 

ontology or domain template to define domain concepts. The author has added such 

data sources or ontology on related domains to the UC2SD tool engine. Adding the 

use of ontologies makes the effectiveness of NLP more realistic, particularly in 



Page | 129  

 

specialist domains. Their use assists and enhances the performance in generating 

dynamic models generated in UC2SD. The quality of derived sequence diagrams has 

been explored. 

Overall, the contributions of this work are as follows: 

a. A new framework has been provided and demonstrated for developing Unified 

Modelling Language (UML) software designs derived from Natural Language (NL) 

descriptions. This method can also help software developers save time in drawing 

sequence diagrams so that they can concentrate more on application and system 

construction. 

b. The automated generation of UML dynamic models from Natural language (NL) is 

achieved by making use of a meta-domain oriented ontology, well-established 

software design principles and Natural Language Processing (NLP). A new approach 

and tool that interprets, organises, and manages requirements through meta-domain 

oriented ontologies and natural language processing has been established.  

c. A method and supporting tool have been developed where grammatical rules are used 

to assign event flows derived from a Use Case Model. These rules included the 

combined fragment on the complete formation of sequence diagrams, which has not 

been emphasised in previous research (Morikawa et al.; Gulia & Choudhury,  2016). 

UC2SD tools generate both the system sequence diagram and the refined sequence 

diagram where classes, attributes, methods, and relations between classes can be 

extracted from the specifications document using natural language processing 

techniques based on template rules. Moreover, derived classes, methods and 

attributes are mapped with nouns, verbs and adjectives and constructed into a UML 

sequence diagram. 
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d. The work provides guidelines to assist software development teams by helping to 

produce a more precise specification and more reliable synthesised software models 

via the ontology domains. 

e. A demonstration is given of the useful role of essential use cases as the template of 

requirement specification combined with GRASP patterns and Class Responsibility 

Assignments (CRA) and their semi-automation. 

 

7.3 Limitations 

The implementation of use cases by sequence diagrams is a significant step in model-driven 

development and guarantees that the dynamic conduct of the scheme is accurately described. 

Unfortunately, one of the limitations of this work is that redundancy and ambiguity are often 

present in requirements documents and their presence can be a possible threat to the 

approach. It is also possible that sequence of actions is incorrect in the stated use case 

scenario. 

The experimental findings showed that the method of writing limitations on UML models 

can be adjusted with sentence rules algorithms based on natural language structure. 

However, with the sentence rules strategy giving accuracy as high as 96 percent, there is still 

scope for error in producing sequence diagram dynamic models from the NL restriction. 

The validation process has used experts (eg: textbook, lecturer) as well as master students 

who had taken object-oriented software development courses. To improve on this work 

would involve a study with real engineers using a real industrially constructed requirement 

specification in keeping with the recommendations by Dalpiaz, Rosadini and Zhao (Dalpiaz 

et al., 2018; Rosadini et al., 2017; Zhao et al., 2021) who stated that an analytical engine as 
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such for reliable elicitation of natural language use case description and its application 

should be applied in instances of industrial use. 

We have developed and used validation metrics to evaluate the dynamic models on the 

completeness, correctness and the BCE consistency. Nevertheless, although these 

measurements have been utilised to evaluate the sequence diagrams, again experts still give 

the best results. 

 Over nearly two decades, researchers have concentrated on automating the process of 

valuable information from natural language text to software models. Several instruments and 

methods were suggested in this context (Dawood & Sahraoui, 2017; Osman & Zalhan, 

2016). With NLP technology advancing, the new approaches and development of linguistic 

engines have rapidly been produced.  

 

7.4 Future Work 

The current version of the UC2SD method can address only a single sentence NL limitation. 

There are several restrictions that may need to be implemented for NL-specifications based 

on multiple sentences. The enhancement will be on the processing of various phrases where 

this capacity is intended to be provided in the future. In addition, future work aims to extend 

the framework to broaden the previous studies to include the following features; 

a. Adding new rules to the study rule template, complete extraction of all types of  rel

ationships, and generating other types of diagrams such as activity diagram and class 

diagram. 

b. To aid with Agile software development, important requirement artefacts such as 

user  stories, user feedback and legal papers will be explored. 
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c. Use a large-scale data set that contains different testing criteria and utilise the 

industrial case studies. 

7.5 Summary  

The use of automated text in a UML transformation tool is becoming more popular and 

speeds up the code generation process. The aim of this automated transformation is to create 

a model that reduces software development workload and gains time. Furthermore, these 

automatic modelling tools make the work of the software team easier and reduce the overall 

cost of the software development process and software development standard. Meanwhile, 

a well-written specification document incorporates descriptive keywords such as class 

names, attributes, and software design methods.  

A conceptual model such as those via UML diagrams can be helpful in extracting and model 

the information for Object-Oriented (OO) systems from specifications. Any individuals 

either from industry or academia involved in software development should be able to obtain 

the required output with maximum accuracy in the minimum time consumed. Moreover, this 

tool allows students who started learning about UML diagrams to auto-generate sequence 

diagrams by comparing with the diagrams they have manually constructed. 

The test results from the UC2SD method indicate that the BCE level of precision, 

completeness and accuracy in sequence diagram generation are more reliable than some of 

the reviewed studies, though not to perfection. Thus, the author believes that the use of more 

complex sentence structures can be further improved and enhancement on the NLU 

advancement will increase the accuracy of the diagrams to at least 95% or more. 
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Appendix A :  POS-BMO ontology mapping 
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POS-BMO Classes definition 

1.0  Roles - A logical abstraction of one or more physical actors of common responsibility or  position. It defines a functional entity. 

 
 

 
1.1 PartnerRole - A business partner can assume multiple roles in a business relationship (e.g. customer, supplier). 

  

• DynamicPartnerRole - The partner role may be dynamically assigned in the context of a business collaboration  

(e.g. a business partner may play the role of a customer in one business transaction, and the role of a supplier in  

another one).                                                                             

   

➢ BinaryCollaborationPartnerRole 

    

   

➢ MultiPartyCollaborationPartnerRole 

    

  

• StaticPartnerRole - A static partner role represents a non-transient relationship with a business partner  

(e.g. customer, supplier). A business partner may assume multiple roles (e.g. a business partner is a customer  

and a supplier at the same time)                       

 

1.2 PersonRole - A role that a person can assume is associated with certain qualifications, skills and experiences.  

       A role describes the part played by people in meeting their objectives by working competently and flexibly  

      within the context of organization objectives, structure and processes. A person can assume multiple roles. 

  

• BusinessPersonRole  

      

  

• ITPersonRole  

       

  

• TaskOrientedPersonRole   

      



Page | 147  

 

 
1.3 SystemRole - A system role is performed by some non-human entity (e.g. computer system). 

 

2.0  Task – action or task performed and implemented. 
      

 

2.1 Action - An action is associated with a service implementation. An operation is called on the service  

                     implementation. 

  

• InteractiveAction - An interactive action represents a dialogue with the user, who is presented a user     

                        interface (form), through which data can be entered. 

  

• NonInteractiveAction - A non-interactive action is performed by the system without involving a human  

                               user. 

   

➢ ActionType -  An action event is raised as the result of the performance of an action. 

   

➢ ActionEvent - An action type may be associated with multiple actions (e.g. multiple business  

                         service implementations may conceptually implement the same action). 

   

➢ DisplayForm - A form represents a means for a human user to interact with an application,  

                         implemented by a service. 

   

➢ DisplayFormType - A form type may be associated with multiple forms. 

 

   

➢ TaskInteraction - Describes an interaction between a human user and the system (represented  

                               by an application). 

   

➢ Variable - A variable is a data element. The content (value) may change dynamically. 
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3.0 Resources - A source or a real object of supply or support that can be identified. 
      

 

• HumanResources - A natural person is a human resource, which is capable to perform certain activities. 

 

 

NonHumanResources - A Non-Human Resource is a collective term, which includes various kinds of non-human resources, such                                          as equipment, offices, 

materials, etc. 

  

➢ NonPhysicalResource - A non-physical resource is not tangible. 

    

  

➢ PhysicalResources - A physical resource is tangible. 

     

   

❖ PermanentResource - A permanent resource is unrestrictedly available at all times 

 

   

❖ TemporalResources - A temporal resource is available during certain time periods only. 

 
4.0 BusinessObject - A representation of a thing active in business domain and is an intelligible entity being an actor  

                                   inside the domain. 

 

• Item – a product which ideally satisfy market needs. 

 

 

Business Document  - The set of information components that are interchanged between business process tasks, or as part of a business 

                                      process task. A business document represents a structured collection of information items. 

                                       Examples: Invoice,   Order. 

Payment - the exchange of one good or service for another to fulfil a legal obligation. Include money, cheques,  

                       credit card, debit etc. 
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5.0 TimeIntervalUnit - Duration of a segment of time without reference to when the time interval begins or ends.  

                                   Time intervals may be given in seconds of time. 
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Appendix B :  Cluedo Game ontology mapping 
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Appendix C :  Implementation of Sentences Patterns (JAPE RULES) 

1. Simple Sentence Pattern 

List of rules are given below: 

i. Translating Nouns to Classes.  

A noun, which does not have any attributes, need not be proposed as a class.  

ii. Translating Noun-Noun to Class-Property according to position.  

When two nouns appear in sequence in the text, the first Noun is translated to Class and the following Noun is translated to properties of 

this Class.  

iii. A simple heuristic is used to decide which nouns are classes, and which form the attribute. 

 In Noun-Noun, if the first noun is already been chosen as the class then the second noun is taken as the attribute. The attributes are 

decided based on the verb phrase.  

iv.  Translating the lexical Verb of a non-personal noun to a Method of this noun.  

Decide the sender, receiver classes and argument to this method based on the Table below: 

v. Translating the lexical Verb of a personal noun to a use case (or part of a use case) linked with an actor defined by this noun.  

vi.  Matching a Noun to a Personal Pronoun as the nouns of previous sentence. 
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Table: Classify sentence patterns into 8 categories 

No Syntactic Structure acronym Sender Receiver Action Argument Example 

1 subject | verb SV  subject verb  The system shuts down. 

2 subject | verb  | object SVO subject object verb  Customer selects 

Withdrawal. 

3 subject | verb  | object | (to) | 

verb1| (object1) 

SVOVO object subject verb1(+object1) (object1) The ATM prompts the 

customer to select 

transaction. 

4 subject | verb  | object | 

participle (object1) 

SVOPar subject object participle verb 

(+object1) 

(object1)  

5 subject | verb  | adjective | 

object 

SVAO subject object verb  The player starts a new 

game. 

6 subject | verb  | object | 

adjective 

SVOA subject object be + adjective  Player enters an empty 

room. 

7 subject | verb | objecth | object 

1 
SV𝑂2 subject object set + object1 (object1) Customer sends the 

system a request 

8 subject | verb  | object | object1 SV𝑂2 subject object verb object1 The customer selects 

transaction “Withdraw 

cash” 

9 subject | verb | object | 

conjunctive| to | verb1 

(object1) 

SVOConjtoV  subject verb object, verb1 

(+object1) 

The ATM prompts the 

customer to select or enter 

an account. 

10 subject | verb | adjective | 

object | conjunction | verb1 | 

pronoun | object1 

SVAConjVPO subject  verb | verb1 object | 

object1 

The player creates a new 

game and gives it a name. 

11 subject | verb | object | 

preposition | object1 

SVOPrepO subject object1 verb + object (object) The ATM reduces the 

amount from the account. 
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12 subject | verb | preposition | 

object 

SVPrepO  subject verb + 

preposition 

object The ATM records the 

updated balance. 
13 subject |verb | gerund (object) SVG  subject verb gerund verb 

(+object1) 

Customer waits for the 

printing receipt. 

14 subject | verb  | (for) | 

complement 

SVforComp  subject verb complement The driver is added to the 

list of active drivers. 

15 subject | verb  | complement | 

complement1 | object 
SV𝐶𝑜𝑚𝑝2O  subject verb object The system communicates 

with database to identify the 

number. 

16 subject | be | predicative SbePred  subject be + predicative  System has to be shut down. 

 



Page | 155  

 

2. Complex Sentence Pattern 

a. Conditions  = [ IF – THEN – ELSE – ELSEIF – THEN – ENDIF ] 

b. Iterations = [ DO – UNTIL ]; [WHILE] ; [DO - WHILE]; [REPEAT STEP] 

c. Concurrency = [ MEANWHILE] 

 

 

 

 

 

  

 

 

3. Special Sentence Pattern 

a. Resume Step Sentence 

b. ABORT  

c. INCLUDE SENTENCE 

d. EXTENDED SENTENCE 

Types Description Example 

RESUME 

STEP 

Describe the situation where 

an alternative flow goes back 

to its corresponding basic 

RESUME STEP<basic flow step #> 

 

Types Types Example Sentences Example  

Conditions IF – THEN – ELSE – ELSEIF – 

THEN – ENDIF  

IF the system recognises the ATM card, 

THEN the system reads the ATM card 

number.  

Iterations WHILE condition 

statement; 

 

DO statement 

WHILE condition; 

 

DO STEP m-n UNTIL 

condition; 

--------------or----------------------- 

 

REPEAT  STEP m-n  UNTIL 

condition; 

 

• Customer REPEAT STEP 2-4 

UNTIL finish. 

•  1. DO 

2. <statement 1> 

3. < statement 2> 

4. UNTIL 

• 1. WHILE condition 

      2. < statement 1> 

Concurren

cy 

MEANWHILE ... the system cancels the transaction 

MEANWHILE the systems ejects the 

card. 
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flow. An alternative flow 

ends either with ABORT or 

RESUME. 

ABORT 

 

Describe an exceptionally 

exit action. An alternative 

flow ends either with 

ABORT or RESUME. 

ABORT 

 

INCLUD

E Use 

case 

Describe the include 

dependencies with other use 

cases. 

INCLUDE USE CASE <included use case 

name> 

 

Extended 

Use case 

Use to refer to the extended 

use case. 
EXTEND BY USE CASE <included use 

case name> 
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ALLOWED Sentence Format 

# SF Description Explanation  Example 

1 Use a simple sentence.  • Use simple present tense, active voice and 

action verb when describing sentence (eg: 

present tense, active voice and action verb) 

 

 

1. The system dispenses the cash 

amount. 

2. The system ejects the ATM card. 

2 Describe the flow of 

events sequentially and 

clearly 

Sentence must follow exactly the sequence of 

each scenario (story-telling style). The scenario 

must start with the User/object and describe its 

communication with the System. 

 

3 Subject, Action, Object, 

and Target (SAOT) 

Use a consistent sentence structure made up of 

Subject, Action, Object, and Target (SAOT) . 

The customer inserts the ATM card 

into the card reader. 

{ Subject = customer;  

   Action = insert 

   Object = ATM card;  

    Target = card reader } 
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4 Compound sentence Allow the use of compound predicates which 

consist of two or more simple sentences 

separated by conjunctions.  

 

<Compound Sentence> =  

<Simple Sentence><Conjunction><Simple 

Sentence>  

 

eg: 

<conjunction>= {and, or, but, nor, so, for, yet } 

 

• The user enters the pin number and 

chooses to withdraw cash. 

 

5 Complex Sentences 

• Conditions 

• Iteration 

• Concurrency 

Types Example 

Conditio

ns 

IF – THEN – ELSE – 

ELSEIF – THEN – 

ENDIF  

Iteration

s 

WHILE condition 

statement; 

 

DO statement 

WHILE condition; 

 

Types Example Sentences 

Condition

s 

IF the system 

recognises the ATM 

card, THEN the 

system reads the 

ATM card number.  
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DO STEP m-n UNTIL 

condition; 

---- ---------or----------------

------- 

 

REPEAT  STEP m-n  

UNTIL condition; 

 

Concurre

ncy 

MEANWHILE 

 

Iterations • Customer 

REPEAT STEP 

2-4 UNTIL 

finish. 

•  1. DO 

2. <statement 1> 

3. < statement 2> 

4. UNTIL 

• 1. WHILE 

condition 

      2. < statement 1> 

Concurre

ncy 

... the system cancels 

the transaction 

MEANWHILE the 

systems ejects the 

card. 
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6 Special Sentences You can use these structures 

Types Description 

RESUM

E STEP 

Describe the situation 

where an alternative flow 

goes back to its 

corresponding basic flow. 

An alternative flow ends 

either with ABORT or 

RESUME. 

ABORT 

 

Describe an exceptionally 

exit action. An alternative 

flow ends either with 

ABORT or RESUME. 

INCLUD

E Use 

case 

Describe the include 

dependencies with other 

use cases. 

Extende

d Use 

case 

Use to refer to the 

extended use case. 

 

 

1. RESUME STEP<basic flow step 

#> 

2. ABORT 

3. INCLUDE USE CASE<included 

use case name> 

4. EXTEND BY USE 

CASE<included use case name> 

 

#  SF Description Explanation  Example 

7 Personal Pronouns Personal pronouns have four cases: nominative 

(subjective), objective, possessive adjectives 

(genitive), and possessive. Pronouns have also 

"person" (1st, 2nd, or 3rd), "number" (singular 

• The user prints the ATM receipt 

then he exits the system. 
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or plural), and "gender" (masculine, feminine, or 

neuter) attributes. 

Person,number 
Possessive 

pronouns 

1st,singular Mine 

2nd,singular Yours 

3rd,singular his, hers 

1st,plural Ours 

2nd,plural Yours 

3rd,plural Theirs 
 

• System records Host’s name and 

adds them to the game as player. 
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NOT ALLOWED Sentence Format  

#  ¬SF Description Explanation and example Example 

1 Passive voice Avoid passive voice in flow of events. The card is rejected. 

 

2 Declarative or Imperative  

Sentence 

• Avoid the use of Declarative or an Imperative 

sentences in a statement.  

• Declarative sentences consist of a subject and 

a predicate. The subject may be a simple 

subject or a compound subject. 

<Declarative Sentence> = 

<subject><predicate> 

• Imperative sentence is used in issuing orders 

or directives. 

 

• This is an ATM system. 

• Shut down the ATM system. 

3 Complex sentences with 

subordinator 

• Avoid an independent clause joined by one 

or more dependent clauses.  

• A complex sentence always has a 

subordinator (because,   since, after, 

although, or when) or a relative pronoun 

such as that, who, or which.  

After the user enters the cash amount, 

the system dispenses the cash. 
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Appendix D :  Experiment students' hand-outs  

 

CSC4002 Research Request 

Dear student, 

We would like to use your use cases for research on automating software design from 

requirements. The research is about automatic generation of behaviour diagrams and eventually 

code from use cases. Please note that the research results will be reported anonymously i.e. we 

will say that we have used 17 expert students, but we will not identify anyone either directly or 

indirectly. Also, this has not bearing on your mark. If you ignore the guidelines there is no 

penalty, but obviously we would like your help (please!!!). 

Computers are still not really good at understanding natural language, so we need to give 

them a helping hand, hence the need for some rules on how to structure sentences. Please 

read these guidelines before preparing your use case descriptions. There are 2 parts. Part A 

is the most important and you should read it before starting the use case descriptions and try 

to adhere to the rules. Part A is largely about keeping it simple, which you should do in any 

case.  Part B should also be read in advance but for use after you have completed the use 

cases. Use it to edit out any rule breakages. Please return both as checklists and return them 

with this page including your signature. 

Thank you for your help and support. 

Nurfauza Jali, Des Greer and Phil Hanna 

 

I agree to my use case being used anonymously for research purposes. 

Name  

 

Signature 
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Your checklist of ALLOWED Sentence Format 

 

#  

SF 

Description Explanation  Example ✓ 

1 Use a simple 

sentence.  

Use simple present tense, active voice 

and action verb when describing sentence 

(e.g. present tense, active voice and 

action verb) 

 

3. The system dispenses the cash amount. 

4. The system ejects the ATM card. 

 

2 Describe the flow 

of events 

sequentially and 

clearly 

Sentence must follow exactly the sequence of 

each scenario (story-telling style). The 

scenario must start with the User/object and 

describe its communication with the System. 

 

3 Subject, Action, 

Object, and Target 

(SAOT) 

Use a consistent sentence structure made up 

of Subject, Action, Object, and Target 

(SAOT) . 

The customer inserts the ATM card into the card 

reader. 

{ Subject = customer;  

   Action = insert 

   Object = ATM card;  

    Target = card reader } 

 

4 Compound 

sentence 

You may use compound predicates which 

consist of two or more simple sentences 

separated by conjunctions.  

• The user enters the pin number and chooses to 

withdraw cash. 
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<Compound Sentence> =  

<Simple Sentence><Conjunction><Simple 

Sentence>  

 

eg: 

<conjunction>= {and, or, but, nor, so, for, yet 

} 
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5 Complex Sentences 

• Conditions 

• Iteration 

• Concurren

cy 

Use these structures if you need to show 

conditions, iterations or concurrency. 

 

Types Example 

Conditio

ns 

IF – THEN – ELSE – 

ELSEIF – THEN – 

ENDIF  

Iteration

s 

WHILE condition 

statement; 

 

DO statement 

WHILE condition; 

 

DO STEP m-n UNTIL 

condition; 

---- ---------or---------------- 

 

REPEAT  STEP m-n  

UNTIL condition; 

 

Concurre

ncy 

MEANWHILE 

 

 

Types Example Sentences 

Conditio

ns 

IF the system recognises the ATM 

card, THEN the system reads the 

ATM card number.  

Iteration

s 

• Customer REPEAT STEP 2-4 

UNTIL finish. 

•  1. DO 

2. <statement 1> 

3. < statement 2> 

4. UNTIL 

• 1. WHILE condition 

      2. < statement 1> 

Concurre

ncy 

... the system cancels the transaction 

MEANWHILE the systems ejects 

the card. 
 

 

  
Continued over … 
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#  

SF 

Description Explanation  Example ✓ 

6 Special Sentences You can use these structures 

Types Description 

RESUME 

STEP 

Describe the situation where 

an alternative flow goes back 

to its corresponding basic 

flow. An alternative flow 

ends either with ABORT or 

RESUME. 

ABORT 

 

Describe an exceptionally 

exit action. An alternative 

flow ends either with 

ABORT or RESUME. 

INCLUD

E Use 

case 

Describe the include 

dependencies with other use 

cases. 

Extended 

Use case 

Use to refer to the extended 

use case. 
 

 

5. RESUME STEP<basic flow step #> 

6. ABORT 

7. INCLUDE USE CASE<included use case 

name> 

8. EXTEND BY USE CASE<included use case 

name> 
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A. Checklist of NOT ALLOWED Sentence Format  

#  ¬SF Description Explanation and example Example [ ✓ ] 

1 Passive voice Avoid passive voice in flow of events. The card is rejected.  

2 Declarative or 

Imperative  

Sentence 

• Avoid the use of Declarative or an 

Imperative sentences in a statement.  

• Declarative sentences consist of a subject 

and a predicate. The subject may be a 

simple subject or a compound subject. 

<Declarative Sentence> = 

<subject><predicate> 

• Imperative sentence is used in issuing 

orders or directives. 

• This is an ATM system. 

• Shut down the ATM system. 

 

3 Complex sentences 

with subordinator 

• Avoid an independent clause joined by 

one or more dependent clauses.  

A complex sentence always has a 

subordinator (because,   since, after, 

although, or when) or a relative pronoun 

such as that, who, or which.  

After the user enters the cash amount, 

the system dispenses the cash. 
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Design Case Study Assignment including Marking Scheme – 40% of coursework mark 

Date Due: Monday 26 November, 4 pm (to BCB reception as printed copy and emailed as a 

zipped file to include document and magicdraw files) 

You are given a list of use cases (in the Appendix) and must create a software design document 

consisting of essential use cases and accompanying system sequence diagrams, design class 

diagram for an online version of the board game Cluedo – see the original rules at 

http://www.cluedofan.com/origrule.htm. for supplementary information. For the diagrams you 

must use the MagicDraw tool. 

Please follow the marking scheme below. 

1. Essential Use Cases (20/100) 

Create a set of essential style use cases. You are given the sample use cases to convert to 

essential style. 

a. Correct notation and  reflection (i.e. accurate) of required behaviour for success scenario 

(10 marks) 

b. Exceptions / alternate behaviour (3 marks) 

c. Pre-conditions and Post-conditions (3 marks) 

d. Extensions (3 marks) 

e. Notation (1 mark) 

  

http://www.cluedofan.com/origrule.htm
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Your use case specification should follow this template; 

Use Case #: Use 

Case Name 

Use Case number: Use case unique verb-noun format 

identifier which describe an achievable goal 

Pre-condition(s) List the state(s) the system can be in when this use case 

starts 

Main Success 

Scenario 

Describe to right 

under user actions/ 

system responses the 

typical normal 

scenario. 

User Actions   System Responses 

1. User send request  

 2. system then respond 

Extension Scenario  User Actions   System Responses 

1a. Describe the alternative 

flow of the scenario 

which indicate the 

second path or the main 

scenario. 

 

 2a. Describe the exception of 

the scenario which 

indicate how the system 

will recover or respond 

to the error situation. 

Post-condition(s) List the state(s) the system can be in when this use case 

ends 

 

2. System sequence diagrams –one for each use case. (15/100) 

      (MagicDraw doesn’t have the concept of an SSD, so you may find it faster to do this a 

separate project) 

a. Correct & complete (i.e. accurate) reflection of use case (10 marks). 
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b. Notation (5 marks) 

3. Interaction Diagrams (35/100) 

Use GRASP to assign responsibilities to objects - show this in sequence diagrams using 

MagicDraw for the full system to fully realise each use case. 

a. Consistent with SSD’s (5 marks) 

b. Represents behaviour in use cases (5 marks) 

c. Appropriate controller in each case (5 marks) 

d. Adherence to GRASP including explanation for at least one of each of GRASP (add 

UML notes for this)  (9 marks) 

e. Demonstrate use of one self-defined stereotype with tags and add this via the tool. (6 

marks) 

f. Notation and accuracy & tool usage (5 marks) 

4. Design Class Diagram (10/100) 

Model translated to specification/implementation model (you can produce a domain model 

as an intermediate product, but it is the design class diagram only that will be marked). 

a. Complete & Consistent with Interaction Diagrams e.g. messages match up with methods 

(5 marks) 

b. Notation and accuracy & tool usage (5 marks) 

5. OCL (20/100) 

Create an OCL document which represents the following constraints. All constraints should be 

consistent with the model. You can do this in text/word processor or MagicDraw. 

Constraint 1: Sets a constraint on joining a game that collects the player objects, counts them 

and sets a precondition that there is less than 6 and a post condition that there is one more player. 

(4 marks) 
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Constraint 2: After the setting up a game the Dagger is in the lounge, the Candlestick is in the 

dining room, the Revolver is found in the study, the Rope is in the ballroom, the Lead Piping is 

in the conservatory, and the Spanner is in the kitchen. (3 marks) 

Constraint 3: For an operation fillEnvelope(), there is a precondition that a room, weapon and 

character have not been set and a post condition that they have been chosen. (4 marks) 

Constraint 4: For an operation useSecretPassage(), a pre condition that there is a secret passage, 

a precondition that the player is still in the game and a post condition that they are in the new 

room afterwards.  (4 marks) 

Constraint 5: During a turn a player may make a suggestion. Write a pre condition that they 

state the character, weapon and room. Write a post condition(s) that if they are right, they win 

and the game is over but if wrong they are not allowed to make another suggestion or accusation. 

(3 marks) 

Constraint 6: For a secret passage move a player can move only within the pairs 

Lounge/Conservatory and Kitchen/Study. (2 marks) 
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Appendix: sample use cases (partially developed) 

 

Create Game 

Goal To create a game for players to join 

Preconditions N/A 

Success Guarantee Game is created and available for players to join. 

Main Success Scenario 

 

1) Host clicks the host game button. 

2) Host enters the maximum players limit. 

3) Host publishes game to the player. 

 

Display Board 

Goal To display the current board state 

Preconditions There is a running game 

Success Guarantee Board updated to display the current state of play 

Main Success Scenario 

 

1) Board position is updated on screen.  

 

Join Game 

Goal To add a player into a game 

Preconditions Game is not full i.e. #players < #maxplayers 

Success Guarantee Player joins game and players count incremented by 1. 

Main Success Scenario 

 

1) System provides list of available games to player. 

2) Player selects a game. 

3) Player joins a game. 

4) Host accepts player into the game. 
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Extension Scenario At 4) (a) System rejects player IF game is full 

Make Accusation 

Goal To allow the player to accuse a weapon, room and 

murderer 

Preconditions The player hasn't already made an accusation in the 

game 

Success Guarantee Player has made an accusation; accusation true/false. 

Main Success Scenario 

 

1) Player selects weapon, room and character to 

accuse. 

2) System shows the contents of Murder Envelope to 

the player. 

3) Player wins. 

Extension Scenario At 3) (a) IF Murder Envelope matched THEN player 

wins ELSE player unable to take turn and only can 

answer questions. 

 

Make Suggestion 

Goal To allow the player to suggest a weapon, room 

and murderer 

Preconditions Player must be the room they wish to suggest 

Success Guarantee Player has made a suggestion and all players 

have responded 

Main Success Scenario 

 

1) Player selects weapon, room and character 

to suggest. 

2) Player receives responses from players. 

Extension Scenario At 2) (a)EXTENDED BY USE CASE Make 

Accusation. 
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Move Character 

Goal To allow the player to move their piece 

Preconditions The player has rolled the dice 

Success Guarantee Player has moved their piece up to the amount 

shown on the dice 

Main Success Scenario 

 

1) Player moves piece up to amount shown on 

dice. 

Extension Scenario At 1) (a) EXTENDED BY USE CASE Use 

Secret Passage. 

 

Register  

Goal To allow the player to move their piece 

Preconditions Player is not already registered 

Success Guarantee Player is registered and can join/host games 

Basic Flow of Events 1) Player enters name and password. 

2) Host registers player. 

3) Host informs player.  

 

Start Game 

Goal To start the game for all participating players 

Preconditions 3 < #Players < 7 

Success Guarantee 1) All pieces are placed on the board in the 

correct positions. 

2) Murder Envelope contains one of each card 

which in unknown to players. 

3) All other cards are dealt to players. 
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4) Character pieces which aren't attached to 

players are placed on the board. 

Main Success Scenario 

 

1) Player selects the character.  

2) System places character pieces on the board.  

3) Character cards are shuffled and one card 

placed into the Murder Envelope. 

4) Weapon cards are shuffled and one card 

placed into the Murder Envelope. 

5) Room cards are shuffled and one card placed 

into the Murder Envelope 

6) Remaining cards are given to the players.  

 

Take Turn 

Goal To allow a player to take their turn 

Preconditions 1) It is the current player's turn. 

2) The player has not previously made a false 

accusation and so is eliminated. 

3) The player has not previously given false 

information as so is eliminated. 

Success Guarantee Player completes their turn and has moved or 

accused or suggested 

Main Success Scenario 

 

1) Player rolls the dice, EXTENDED BY USE 

CASE Move Character. 

2) Player makes a suggestion. 

Extension Scenario At 

  1) (a)Player makes a suggestion, EXTENDED 

BY USE CASE Make Suggestion. 
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    1) (b) Player makes an accusation 

,EXTENDED BY USE CASE Make 

Accusation. 

    1) (c) Player uses secret passage, 

EXTENDED BY USE CASE Use Secret 

Passage. 

    2) (a)Player makes an accusation, 

EXTENDED BY USE CASE Make 

Accusation. 

 

Use Secret Passage 

Goal To allow the player to move their piece through 

a secret passage 

Preconditions The player is in one of the following rooms 

Lounge, Conservatory, Kitchen or Study 

Success Guarantee Player has moved their piece through a secret 

passage 

Main Success Scenario 

 

1) Player moves their piece to corresponding 

room (Lounge to/from Conservatory, Kitchen 

to/from Study). 

Extension Scenario At 

    1) (a) Player makes a suggestion, 

EXTENDED BY USE CASE Make 

Suggestion. 

    1) (b)Player makes an accusation, 

EXTENDED BY USE CASE Make 

Accusation. 

Special Requirements Player cannot move to any of the four rooms 

from any other, only within the pairs 

Lounge/Conservatory and Kitchen/Study 
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Appendix E : The Generated Sequence Diagrams for POS and Cluedo Game 

(1)UC2SD vs diagrams based on Larman’ (ground truth) (POS)   

a. Pattern 1 – The ground Truth  

 

Larman  UC2SD 
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Larman  UC2SD 
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Larman  UC2SD 
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Larman  UC2SD 
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b. Pattern 2 – Respondent 1  

 

Expert  UC2SD 
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Expert  UC2SD 
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Expert  UC2SD 
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Expert  UC2SD 
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c. Pattern 3 –Respondent 1 

Expert  UC2SD 
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Expert  UC2SD 
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Expert  UC2SD 
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Expert  UC2SD 
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2) Assessor (ground truth)  vs UC2SD (Cluedo)  

 
Assessor (CLUEDO) UC2SD 
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Assessor (CLUEDO) UC2SD 
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Assessor (CLUEDO) UC2SD 
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Assessor (CLUEDO) UC2SD 
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Assessor (CLUEDO) UC2SD 
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Assessor (CLUEDO) UC2SD 
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Assessor (CLUEDO) UC2SD 
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Assessor (CLUEDO) UC2SD 
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Assessor (CLUEDO) UC2SD 
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Assessor (CLUEDO) UC2SD 
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Assessor (CLUEDO) UC2SD 
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3) UC2SD vs students (Cluedo) 

i. Respondent 1 

Student  UC2SD (CLUEDO) 
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Student  UC2SD (CLUEDO) 
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Student  UC2SD (CLUEDO) 
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Student  UC2SD (CLUEDO) 
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Student  UC2SD (CLUEDO) 
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Student  UC2SD (CLUEDO) 
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Student  UC2SD (CLUEDO) 
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Student  UC2SD (CLUEDO) 
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Appendix F : Glossary 

Term  Description 

Attempto 

Controlled English 

(ACE) 

a knowledge representation language with an English syntax with a 

domain-specific vocabulary and a restricted grammar 

Computer-aided 

software 

engineering 

(CASE) 

is the domain of software tools used to design and implement 

applications. 

Class 

Responsibility 

Assignment (CRA) 

is about deciding where responsibilities, under the form of class 

operations (as well as the attributes they manipulate), belong and how 

objects should interact (by using those operations). 

Natural Language 

Understanding 

(NLU) 

is a subset of natural language processing (NLP) and conversational 

Artificial Intelligence (AI), which helps computers to understand human 

language by understanding, analysing and interpreting basic speech parts, 

separately. 

Natural Language 

Processing (NLP) 

evolved from computational linguistics, uses methods from various 

disciplines, such as computer science, artificial intelligence, linguistics, 

and data science, to enable computers to understand human language in 

both written and verbal forms. 

Natural Language 

Processing for 

Requirements 

Engineering 

(NLP4RE) 

is an area of research and development that seeks to apply natural 

language processing (NLP) techniques, tools, and resources to the 

requirements engineering (RE) process, to support human analysts to 

carry out various linguistic analysis tasks on textual requirements 

documents. 

Object Interaction 

Diagrams (OIDs) 

model dynamic behaviour over a period of time by showing how system 

components interact to complete core tasks defined in use case modelling 

Unified Software 

Development 

Process (USDP) 

is a software development process that uses the UML language to 

represent models of the software system to be developed. 
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Appendix G : List of Abbreviations 

Abbreviations  Explanation  

AI Artificial Intelligence  

ANNIE  A Nearly New Information Extractor 

BMO  Business Management Ontology  

CASE  Computer Added Software Engineering 

CD Conceptual Dependency 

CRA Class Responsibility Assignment  

CS Conditional Statement   

CSD Conceptual Sequence Diagram 

GATE General Architecture for Text Engineering  

GRASP General Responsibility Assignment Software Principle  

GRs Grammatical Relations  

IE Information Extraction 

IS Iterative Statement  

UML Unified Modelling Language 

UML Unified Modelling Language 

UC2SD Use Case to Sequence Diagrams 

USDP Unified Software Development Process 

OIDs Object Interaction Diagrams  

OOAD Object-Oriented Analysis and Design 

OOSE Object-Oriented Software Engineering  

NLP Natural Language Processing 

NLRs Natural Language requirements 

NLU Natural Language Understanding  

POS Parts of Speech 

PoS Point of Sale  
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OOA Object-Oriented Analysis 

OWL Web Ontology Language 

RE Requirements Engineering  

RPG Role Playing Game  

RUP  Rational Unified Process  

SDD System Sequence Diagram 

SDLC Software Development Life Cycle  

SR Syntactic Rules  

SRS Software Requirements Specification 

  

 


