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ABSTRACT 
 In large-scaled software development projects, different software 
practitioners may deal with different pieces of software requirements depending on 
their perspectives or perceptions of their shared problems. Each of the users may 
define his/her requirements from his/her own point of view using different 
terminologies. However, a group of software practitioners often needs to interact, 
collaborate or trace requirements among the group in order to achieve common goals 
in their development process. 
 To resolve the semantic heterogeneity arising from requirements tracing, 
we have developed an alternative framework, called the Multiperspective 
Requirements Traceability (MUPRET). The framework enables automatic generation 
of traceability relationships of multiperspective requirements artifacts at a fine-grained 
level by using ontology for the course of an integrating system. In view of that, we 
designed a requirements ontology as a knowledge management mechanism to 
represent multiperspective requirements artifacts of an individual software 
practitioner. The requirements ontology interjects mutual “understanding” without 
restricting the freedom in expressing requirements differently. Ontology matching is 
applied to automate the generation of traceability links by taking two requirements 
ontologies and producing correspondences (i.e., equivalence, more general, less 
general, mismatch and overlapping) between the ontology concepts that semantically 
correspond to each other. As a result, the traceability relationships can be 
automatically generated when a match is found in the requirements ontologies. 
 As a proof-of-concept, three hospital information systems and two 
university information systems were tested. The results from these case studies 
demonstrated above an 80% precision rate and approximately a 75% recall rate for 
traceability relationships that were automatically generated by the MUPRET in 
comparison to the traceability relationships identified manually by users. 
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วิธีการใชออนโทโลยีในการขับเคลื่อนการทํางานรวมกนัเพื่อการตามรอยความตองการหลายมุมมอง
ในระดับละเอยีด 
AN ONTOLOGY-DRIVEN INTEROPERABILITY APPROACH FOR FINE-GRAINED 
MULTIPERSPECTIVE REQUIREMENTS TRACEABILITY 
 
น้ําฝน อัศวเมฆิน  4536828  ITCS/D 
 
ปร.ด. (วิทยาการคอมพิวเตอร) 
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บทคัดยอ 
 ในกระบวนการพัฒนาซอฟตแวรที่มีขนาดใหญ ผูปฏิบัติงานทางดานซอฟตแวรหลาย
คนอาจจะเกีย่วของกับความตองการซอฟตแวรที่แตกตางกัน โดยข้ึนอยูกับมุมมองหรือการรับรูของ
ปญหาที่แตกตางกัน ผูใชแตละคนอาจจะระบุความตองการในมุมมองของตนเอง โดยใชคําศัพทที่
แตกตางกนั อยางไรก็ตาม กลุมของผูปฏิบัติงานทางดานซอฟตแวรจําเปนทีจ่ะตองมีการทาํงาน 
ความรวมมือ หรือการตามรอยความตองการระหวางกลุมผูปฏิบัติงาน เพื่อใหบรรลุเปาหมายในการ
พัฒนาซอฟตแวรรวมกนั 
 งานวิจยันี้ พฒันากรอบการตามรอยความตองการหลายมุมมอง ที่เรียกวา “MUPRET” 
เพื่อแกปญหาความแตกตางกันในดานความหมายที่เกิดขึน้ในการตามรอยความตองการ ซ่ึง 
MUPRET สามารถสรางความสัมพันธการตามรอยของความตองการหลายมุมมองในระดับละเอยีด
โดยอัตโนมัติ โดยใชออนโทโลยีเพื่อรวมระบบใหเปนอนัหนึ่งอันเดยีวกัน ดังนัน้ เราจึงไดออกแบบ
ออนโทโลยีความตองการใหเปนกลไกการจัดการความรู เพื่อที่จะแสดงความตองการหลายมุมมอง
ของผูปฏิบัติงานทางดานซอฟตแวรแตละคนใหอยูในรปูแบบเดยีวกนั ซ่ึงออนโทโลยีความตองการ
เขาไปอยูระหวางความเขาใจของผูใชทั้งสองฝาย โดยไมมีการจํากดัอิสรภาพของผูใชในการระบุ
ความตองการที่แตกตางกนั มีการนําการจับคูออนโทโลยีมาประยกุตใช เพื่อสรางความสัมพันธการ
ตามรอยโดยอตัโนมัติ โดยนําออนโทโลยีความตองการ 2 ออนโทโลยี มาสรางความสัมพันธทาง
ความหมายซึ่งกันและกัน ซ่ึงความสัมพันธการตามรอยจะถูกสรางโดยอัตโนมัติ เมื่อผลลัพธของการ
จับคูถูกพบในออนโทโลยีความตองการ 
 ในการพิสูจนการทํางานของ MUPRET นั้น งานวิจยันี ้ ใชระบบสารสนเทศ
โรงพยาบาล 3 ระบบ และระบบสารสนเทศมหาวิทยาลัย 2 ระบบ เปนกรณีศึกษาสําหรับการทดสอบ 
ซ่ึงผลของกรณีศึกษาดังกลาว แสดงใหเหน็วาความสัมพันธการตามรอยที่ MUPRET สรางขึ้นโดย
อัตโนมัตินั้น มีคาความถูกตองสูงกวา 80% และคาการระลึกไดประมาณ 75% โดยเปรียบเทียบกบั
ความสัมพันธการตามรอยทีร่ะบุโดยผูใช 
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CHAPTER I 

INTRODUCTION 

 

 
 This chapter aims to provide the introduction of requirements traceability 

(Section 1.1), the motivation behind the study (Section 1.2), the problems of the 

research (Section 1.3) and the proposed approach for this work (Section 1.4). The 

research objectives are defined in Section 1.5, followed by the scope of thesis in 

Section 1.6. Section 1.7 summarizes the key contributions of this thesis. Finally, the 

outline of this thesis is presented in Section 1.8. 

 

 

1.1 Introduction 
 

 Requirements engineering is an essential process in a software 

development life cycle. It constitutes the earliest phase, often called the “requirements 

analysis phase,” of the life cycle. User requirements are analyzed and produced in this 

phase. The major objective of the phase is to make requirements to be as correct, 

unambiguous, understandable, maintainable, verifiable, complete, consistent and 

traceable. 

 

 Normally, the requirements are frequently subject to changes during a 

software development process. Planning, controlling and implementation of 

requirements changes can be difficult, expensive, tedious, time-consuming and cost-

intensive. The determining of effects caused by requirements changes on software 

systems is based on requirements traceability [1]. 

 

 In the context of systems and software engineering, requirements 

traceability has been defined by Gotel and Finkelstein in [1] as “the ability to describe 

and follow the life of a requirement, in both a forwards and backwards direction”. 
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Gotel and Finkelstein also classify two basic types of requirements traceability as pre-

traceability (or backward traceability) for requirements production and post-

traceability (or forward traceability) for requirements deployment. Requirements 

traceability is also categorized by many criteria as surveyed and presented by Lindvall 

in [2] and Knethen and Paech in [3], such as horizontal versus vertical traceability, 

coarse-grained versus fine-grained traceability and explicit versus implicit traceability 

relationships. 

 

 Traceability has been recognized as an important task in software system 

development. Requirements traceability is a major factor that determines how easy it 

is to read, navigate, query and change the requirements. Requirements traceability lies 

at the heart of requirements management practice in that it can provide a rationale for 

requirements and is the basis for tools that analyze the consequences and the impact of 

changes. Providing requirements traceability is a means of achieving the integrity and 

the completeness of requirements and has a vital role to play in managing the changes. 

More specifically, traceability relationships can improve the quality of a software 

product being developed and reduce the development time and cost. Accordingly, 

requirements traceability is a prerequisite for building high quality software systems. 

Capturing and maintaining traces is thus seen as an essential activity to be performed 

during requirements engineering. 

 

 

1.2 Research Motivation 
 

 Nowadays, large-scaled software development inevitably involves a group 

of software practitioners, each of whom may express their requirements differently in 

their own terminology and representation depending on their perspectives or 

perceptions of their shared problems. Such requirements result in multiperspective 

requirements artifacts. These artifacts may be enormous, complicated, ambiguous, 

incomplete, redundant and inconsistent. However, they must be traced, verified and 

merged in order to achieve a common goal of the development. 
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Doctor Investigation 
System Requirements

Patient Record
System Requirements

System Developer 2

In-Patient Registration
System Requirements

In-Patient Payment 
System Requirements

System Developer 4

System Developer 1

System Developer 3  
 

Figure 1.1  Multiperspective requirements artifacts and their traceability relationships 

 

 Figure 1.1 exemplifies what we mean by multiperspective requirements 

artifacts and motivates the need for overcoming the requirements traceability 

problems. In the figure, four software practitioners, each of whom is labeled as System 

Developer, want to collaborate with each other by sharing the requirements of four 

systems which are parts of a hospital information system. These requirements are 

overlapping and generated with respect to different perspectives. Multiple sets of 

vocabularies may be used in the requirements descriptions. However, a variety of 

developers need to interoperate, collaborate or trace requirements among each other in 

order to achieve a common goal of their development. To facilitate requirements 

traceability among various developers, it is necessary to find an automated process to 

help detect requirements overlapping for interoperability and traceability purposes. 

 

 The traceability of multiperspective requirements artifacts has regularly 

been discussed as a challenging problem, particularly in the requirements change 

management [4]. The heterogeneity of multiperspective requirements artifacts makes it 

difficult to perform tracing, verification and merging of the requirements. More 

specifically, it can be very problematic when multiperspective requirements artifacts 

are expressed with synonyms (i.e. different terminologies representing the same 

concept) and homonyms (i.e. the same term representing different concepts) and 

various developers want to share these artifacts to each other. 
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1.3 Problem Statement 
 

 As part of our attempt in resolving the requirements traceability problems 

of multiperspective requirements artifacts, we have investigated some existing 

requirements traceability approaches and tools to manage software requirements and 

architecture. A number of research efforts have been carried out to tackle the 

requirements traceability problems. However, there are few works regarding the 

traceability of multiperspective requirements artifacts. More importantly, there are 

some problems as summarized below when we apply the existing approaches and tools 

for requirements traceability to a multiperspective context. 

 

 Firstly, the granularity of traceability provided by most of the existing 

approaches and tools for requirements traceability cannot completely resolve the 

semantic heterogeneity in multiperspective requirements artifacts. The granularity of 

traceability refers to the level that traceability relationships are identified. Coarse-

grained traceability generates traceability relationships between requirements models 

(e.g. class models) or paragraphs or sentences of requirements documents while fine-

grained traceability generates traceability relationships between part of requirements 

models (e.g., classes, attributes or methods of class models) or words in a sentence of 

requirements documents. Most of the existing requirements traceability approaches 

and tools can only support for coarse-grained traceability. However, to resolve 

heterogeneity for tracing, verifying and merging multiperspective requirements 

artifacts effectively, the relationships between the artifacts should be identified at a 

fine-grained level in terms of semantic links of requirements elements expressed 

differently in various perspectives. 

 

 Secondly, although there are some attempts in defining traceability 

relationships at a fine-grained level, the requirements artifacts are often forced to be 

expressed from various users by using the same set of vocabularies. Accordingly, the 

openness and shared vocabulary restrict the freedom in expressing multiperspectives. 

To resolve the semantic heterogeneity in multiperspective requirements artifacts 

efficiently, diverse users should express or define their requirements without 
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restricting the freedom in expressing requirements differently. In other words, 

different users can use multiple sets of vocabularies to express their requirements 

independently. 

 

 Lastly, most of the existing approaches and tools for requirements 

traceability support explicit traceability relationships. Explicit traceability 

relationships are predefined traceability links which are manually set by system 

developers while implicit traceability relationships are traceability links that do not 

require manual setting. Defining large number of traceability relationships manually 

can be a tedious, labor-intensive and time-consuming task. Automated solutions to 

multiperspective requirements traceability face a more difficult challenge due to the 

need to handle the overlapping among multiperspective requirements artifacts, as well 

as the large number of traceability relationships existing between them. To efficiently 

resolve the heterogeneity problems found in multiperspective requirements artifacts, 

implicit traceability relationships should be automatically generated. 

 

 

1.4 Our Approach 
 

 In contrast to existing approaches and tools for requirements traceability, 

our main goal is to effectively provide support for the automatic generation of 

traceability relationships between multiperspective requirements artifacts at fine-

grained level for any software requirements domain. Handling efficient 

multiperspective requirements traceability is not a trivial problem. Consequently, we 

propose a multiperspective requirements traceability (MUPRET) framework detailed 

in Chapter IV to help solve the heterogeneity problems found in multiperspective 

requirements artifacts. The framework provides an automatic mechanism to intervene 

mutual “understanding” of different concepts and terminologies used by various 

developers. It uses requirements ontology as a knowledge management mechanism in 

order to define an explicit account of a shared understanding among diverse 

developers for knowledge interchange purposes as illustrated in Figure 1.2. In order to 

solve the multiperspective problems in this figure, each system developer converts 

Copyright by Mahidol University



Namfon Assawamekin  Introduction / 6 

his/her requirements into his/her own requirements ontology as our proposed approach 

and utilizes this ontology for interoperability and traceability purposes. 

 

Doctor Investigation System 
Requirements Ontology

Patient Record System
Requirements Ontology

System Developer 2

In-Patient Registration System 
Requirements Ontology

In-Patient Payment System 
Requirements Ontology

System Developer 4

System Developer 1

System Developer 3

  

 

 

 
 

Figure 1.2  Distributed collaboration of requirements ontologies in a  

hospital information system 

 

 Our framework endeavors at handling ontology integration that does not 

force various users to express their requirements with the same or shared set of 

vocabulary, but supports multiple ontologies which represent different perspectives of 

users towards the same domain. Thus, ontology matching is used to match the 

concepts between different and independent requirements ontologies that semantically 

correspond to each other. The traceability relationships can be automatically generated 

when a match is found. 

 

 

1.5 Research Objectives 
 

 This research introduces the use of natural language processing (NLP) 

techniques, rule-based approaches and ontology concepts to resolve the requirements 

traceability problems with the aim of automatically generating traceability 

relationships of multiperspective requirements artifacts at a fine-grained level for any 
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software requirements domain. Five objectives in conjunction with this main goal are 

summarized as follows: 

 

1. To study the requirements traceability problems of multiperspective 

requirements artifacts for a software development process. 

 

2. To survey the limitations and deficiencies of existing requirements 

traceability approaches and tools for software requirements and 

architecture. 

 

3. To investigate the existing ontologies for requirements engineering 

and software development and to review various schema and ontology 

matching approaches for semantic interoperability purposes. 

 

4. To apply the principle of NLP techniques, rule-based approaches and 

ontology concepts in order to facilitate requirements traceability 

among multiperspective requirements artifacts for any software 

requirements domain. 

 

5. To design an automated process to help detect requirements 

overlapping for interoperability and traceability purposes. 

 

 

1.6 Scope of Thesis 
 

1. Focus on the requirements analysis phase of a software development 

process. 

 

2. Concentrate on requirements artifacts represented in terms of natural 

language or plain English text. 
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3. Construct a mechanism in order to automatically generate traceability 

relationships of multiperspective requirements artifacts at a fine-

grained level for any software requirements domain. 

 

4. Develop a prototype of our tool. 

 

5. Evaluate the use of our tool and apply it to some case study as a proof-

of-concept of our main idea. 

 

 

1.7 Research Contributions 
 

 The main goal of this thesis is to provide support for automatic generation 

of traceability relationships between multiperspective requirements artifacts at fine-

grained level, which can be applied to any software requirements domain. In order to 

reach this goal, we make the following contributions. 

 

1. Propose the framework to automatically generate traceability 

relationships of multiperspective requirements artifacts at a fine-

grained level for any software requirements domain. 

 

2. Extract requirements elements from requirements artifacts by applying 

the NLP techniques and rule-based approaches. 

 

3. Construct a base ontology and deploy requirements ontology as a 

knowledge management mechanism to represent multiperspective 

requirements artifacts in a common way, which intervene mutual 

“understanding” among various developers. 

 

4. Develop an automated tool for multiperspective requirements 

traceability. 
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5. Conduct a case study based on the multiperspective problems in order 

to assess both the feasibility and applicability of this approach and to 

provide the basis for an evaluation. 

 

 

1.8 Structure of Thesis 
 

 The rest of this thesis is organized as follows: 

 

Chapter II: Requirements Traceability Approaches 

 

 Chapter II provides the fundamental concepts of requirements engineering 

and requirements traceability. In addition, we survey some existing requirements 

traceability approaches and tools for software requirements and architecture relating to 

our work. 

 

Chapter III: Ontology for Requirements Engineering and Software Development 

 

 The principle concepts of ontology are explained in Chapter III. Ontology 

for requirements engineering and software development is also investigated in this 

chapter, followed by a review of existing schema and ontology matching approaches. 

 

Chapter IV: The MUPRET Framework 

 

 The MUPRET framework and all modules constituting this framework are 

elaborately described in Chapter IV. 

 

Chapter V: Tool Support – MUPRET 

 

 Chapter V presents the MUPRET tool which is a computer-based 

prototype environment designed and developed to demonstrate and support within the 

MUPRET framework. The architecture of the MUPRET tool is also outlined. 
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Additionally, we provide various software tools used for developing the MUPRET 

tool in this chapter. 

 

Chapter VI: An Illustrative Example: Multiperspective Requirements 

Traceability 

 

 Chapter VI illustrates the use of the MUPRET tool with an illustrative 

example of multiperspective requirements artifacts. We will demonstrate how to 

match the concepts between two requirements ontologies by using an ontology 

matching technique for automatically generating traceability relationships. The 

precision and recall measures used to evaluate the use of the MUPRET tool as a proof-

of-concept are also discussed. 

 

Chapter VII: Conclusions 

 

 Conclusions of this research and future research perspectives are given in 

this chapter. 
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CHAPTER II 

REQUIREMENTS TRACEABILITY APPROACHES 

 

 
 The purpose of this chapter is to provide the theoretical foundations of the 

fundamental concepts of requirements engineering and requirements traceability 

introduced in Section 2.1. To be able to solve the requirements traceability problems 

efficiently, it is worth studying the existing requirements traceability approaches and 

tools for software requirements and architecture in Section 2.2. The aim of this review 

is to describe the previous research studies relating to our approach and to point out 

their common constraints in which the techniques presented in Chapter IV are 

proposed to overcome. The summary of existing requirements traceability approaches 

and tools is discussed in Section 2.3. 

 

 

2.1 Requirements Engineering and Requirements Traceability 
 

 Requirements engineering is one of the most crucial stages of a successful 

software development process. Traditionally, the role of requirements engineering is to 

establish requirements to be as correct, unambiguous, understandable, maintainable, 

verifiable, complete, consistent and traceable as defined by IEEE Std 830-1998 in [5]. 

The major measure of developing a successful software system is the degree to which 

it meets the purpose or the need of customers or users. Currently, the role of 

requirements engineering involves overall software development life cycle activities 

devoted to the identification of user requirements, analysis of the requirements to 

derive additional requirements, documentation of the requirements as a specification 

and validation of the documented requirements against user needs as well as processes 

that support these activities [6]. 
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 Software developers have established a deeper understanding for the 

importance of requirements elicitation, requirements analysis and negotiation, 

requirements documentation and requirements validation in order to act as a driving 

force throughout the modeling, development, testing and maintenance of software 

systems. More specifically, requirements management is one of the requirements 

engineering processes for identifying, capturing and managing requirements changes 

throughout the software development life cycle. Requirements management has been 

rapidly adopted by the industry. It is the activity concerned with the effective control 

of information related to system requirements, and in particular the preservation of the 

integrity of that information for the life of the system and with respect to changes in 

the system and its environment. Requirements often change during the requirements 

analysis phase of the software development process. Determining the impact of 

requirements changes on software development is critical to project management. 

Maintaining traceability relationships manually can also be quite expensive, tedious, 

labor-intensive and time-consuming. In view of that, requirements traceability can 

play a crucial role in the management of changing requirements in the development of 

software systems. It is also a measure of quality that reduces the risk of propagating 

changes across life cycle artifacts. 

 

Software 
Development 

Process

Traceability

Traceability 
Links

Analysis 
Artifacts

Software 
Artifacts

property of

ensured by

exist between

consists of

Design 
Artifacts

Requirements
Artifacts

Implementation 
Artifacts

Relationships
show

Testing 
Artifacts

Maintenance 
Artifacts

 
 

Figure 2.1  The terms traceability, relationships and software artifacts [7] 
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 Figure 2.1 illustrates an overview of the terms traceability, relationships 

and software artifacts. Traceability is the ability to describe and follow the life of a 

requirement. This is ensured by recording traceability links, which shows the various 

relationships that exist between the software artifacts in the software development 

process. Software artifacts are either final or intermediate work products that are 

produced, modified and used as part of the software development process. They take a 

diversity of forms including documents (e.g., software requirements specifications, 

glossary, test specifications, etc.), models (e.g., use case model, class model, etc.) and 

model elements (e.g., use case, actor, class, etc.). Software artifacts can be any objects 

generated in the software development life cycle, such as requirements, analysis, 

design, implementation, testing and maintenance artifacts, including various other 

entities representing characteristics and behavior of software systems. Therefore, 

traceability can be seen as a property of the software development process. 

 

 To be more precise, requirements traceability can be used in different 

stages of the software development life cycle to support various activities. Examples 

of these activities are change impact analysis, system validation and verification, 

system reuse and system understanding [3]. Requirements traceability – that is the 

ability to relate requirements artifacts with other artifacts created in the development 

life cycle of a software system – has widely and long been recognized as a significant 

factor in order to facilitate efficient software system project management, software 

quality assurance, change management and software maintenance [8, 9], [10], [11]. 

This is because traceability relationships can be used to assist the process of verifying 

that a system meets its requirements, establish the impact of changes in the 

requirements artifacts of a system to other artifacts in its documentation or understand 

the evolution of artifacts. By creating traceability links between requirements and 

other artifacts, a number of requirements engineering activities can be supported. 

These activities include requirements validation, test-case generation, recording 

rationales, impact analysis of change and guarding against gold plating [1], [12], [13], 

[14], [15], [16]. Broadly speaking, requirements traceability becomes increasingly 

important as it lies at the heart for building high quality software families. 
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2.2 A Comparative Study of Existing Requirements Traceability 

Approaches and Tools 
 

 The objective of this section is to survey the limitations and deficiencies of 

existing requirements traceability approaches and tools for software requirements and 

architecture in order to resolve the heterogeneity problems found in multiperspective 

requirements artifacts. Existing approaches to support the generation of traceability 

relationships can be classified into three groups depending on the degree of 

automation; namely manual (Section 2.2.1), semi-automatic (Section 2.2.2) and 

automatic (Section 2.2.3). We elaborately present and discuss the details of these 

research studies related to our approach in the following sections. 

 

2.2.1 Manual Generation of Traceability Relationships 
 

 The International Council on Systems Engineering (INCOSE) [17] has 

performed a vendor survey on existing commercial requirements traceability tools. 

Examples of these tools are ARTS [18], CaliberRM [19], CORE [20], Cradle-REQ 

[21], IRqA [22], Rational RequisitePro [23], RDD-100 [24], RM [25], RMTrak [26], 

Telelogic DOORS [27] and XTie-RT [28]. However, the existing commercial 

requirements traceability tools offer support for manual generation of traceability 

relationships based on the use of sophisticated visualization, display and navigability 

components. It is noticeable that the users are expected to identify and select the 

elements to be traced. To be more precise, the majority of these tools utilize 

straightforward traceability links that must be manually defined by the users at a 

coarse-grained level during software development process. Defining a large number of 

traceability relationships manually can be a tedious, labor-intensive and time-

consuming task, resulting in the rare deployment of traceability relationships. The cost 

of using commercial requirements traceability tools for a large software development 

team is high on account of the licensing expense for each user. Additionally, the 

characteristic of these tools is the non-uniformity in dealing with the heterogeneity 

problems found in multiperspective requirements artifacts. 
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 A number of existing research tools, such as REMAP [29], RETH [30], 

RADIX [31] and TOOR [32], have been proposed to support the generation of 

traceability relationships. REMAP is a web-based tool for capturing and maintaining 

traceability information. Nevertheless, it offers the users to create types of traceability 

relationships with predefined semantics. Most of these tools, such as RETH and 

RADIX, allow the users to declare their own types of traceability relationships with no 

semantics of relationships. The work in TOOR uses axioms to support generation of 

traceability relationships between requirements, design and code specifications and 

supports the derivation of additional relationships from the axioms by transitivity, 

reflexivity, symmetry, extraction and dependency. Nonetheless, TOOR allows the 

users to specify different types of traceability relationships and define axiomatically 

their semantics. To sum up, those research tools as reviewed above support for a 

manual generation of traceability relationships. 

 

2.2.2 Semi-Automatic Generation of Traceability Relationships 
 

 In the semi-automatic group of approaches, traceability relationships can 

be generated based on previous relationships defined by the users or as a result of the 

software development process. In order to alleviate the problems of manual generation 

of traceability relationships, the following approaches supporting semi-automatic 

generation of traceability relationships have been proposed. 

 

 Cleland-Huang et al. in [33-35] propose event-based traceability (EBT) 

method for updating and maintaining traceability relationships. The system will 

monitor the software artifacts. When any of them are modified, it will notify all 

artifacts dependent on it of the changes. However, the event-based approach assumes 

that traceability relationships have been identified before the event-based algorithms 

are run. Consequently, this approach can be used only to manage up-to-date 

traceability relationships based on changes that may occur during system operational 

time but provides no support for identifying them. 

 

Copyright by Mahidol University



Namfon Assawamekin Requirements Traceability Approaches / 16 

 Pashov and Riebisch in [36, 37] describe a feature model-based method for 

requirements traceability. They utilize feature modeling which describes requirements 

as an overview and models the variability of a product line. A feature model consists 

of a graph with the features as the nodes and the feature relations as the edges. The 

feature model-based approach is applied for the definition of a product by a customer. 

Every feature describes a property of a product from the customer’s point of view. 

Nevertheless, the feature model-based approach merges a manual and semi-automated 

method for defining the features and generating traceability relationships. 

 

 Heindl and Biffl in [38] and Zemont in [39] propose the value-based 

requirements traceability (VBRT) framework for assessing the value that traceability 

can provide to an organization. This framework provides technical support to perform 

requirements traceability as well as take value and cost considerations into account. 

Nonetheless, the value-based approach combines a manual and semi-automated way in 

obtaining traceability relationships and in performing the changes in the software 

artifacts. 

 

 Egyed et al. in [40-42] propose the Trace Analyzer tool in order to support 

scenario-based trace analysis. The scenario-based approach uses hypothesized trace 

information that have to be manually entered. Then, it uses runtime information to 

generate traceability relationships. For example, test case scenarios are executed on a 

running system and execution information can be obtained by using a monitoring tool. 

The information is then combined with the hypothesized trace information to form a 

footprint graph. This graph shows the relationships among artifacts in the system. 

Although traceability relationships can be automatically generated at fine-grained 

level in this approach, the hypothesized trace information must be manually entered. 

 

2.2.3 Automatic Generation of Traceability Relationships 
 

 There are a large number of requirements traceability approaches and tools 

emerged during the last decade to automatically support the establishment and 

maintenance of traceability relationships. Examples of approaches and tools 
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supporting for automatic generation of traceability relationships have been proposed as 

follows. 

 

 Recently, there are many researchers attempting to establish traceability 

links via information retrieval (IR) techniques, such as the work in [43], [44], [45], 

Poirot:TraceMaker [46, 47], RETRO [48, 49] and Trace Retrieval [50]. These 

approaches focus on automating the generation of traceability links by similarity 

comparison between two types of software artifacts such as requirements documents 

and source code. The two basic IR models which commonly used in traceability 

generation are probabilistic and vector space models. Numerous variant models have 

also been applied including the popular model and latent semantic indexing, which are 

based on the vector space model. Although those existing approaches and tools as 

reviewed above automatically generate traceability relationships at fine-grained level, 

they typically ignore structural and semantic information that can be found in the 

requirements, therefore limiting both their precision and applicability. 

 

 Spanoudakis et al. in [51-53] propose an automatic approach to generate 

and maintain traceability relations between requirements artifacts based on the use of 

RTOM and IREQ rules. Requirements artifacts and traceability rules are represented 

or expressed in XML syntax. Although the approach aims to use XML as a 

mechanism for managing requirements artifacts or as the representation of 

requirements and traceability rules, XML itself does not have the built-in primitives to 

define the semantics of concepts and their relationships beyond the expressive power 

of Document Type Definitions (DTDs) [54] or XML Schemas [55-57]. Moreover, this 

approach automatically generates traceability relations at a fine-grained level but the 

traceability rules specify ways of matching syntactically related terms in the textual 

parts of a requirements statement or use case with related elements in the object 

model. 

 

 Maletic et al. in [58, 59] propose a hypertext model that allows complex 

linking and versioning of links. Traceability links are implemented using XML 

technologies in an efficient and scalable manner. The evolution of the system, along 
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with the traceability links, is supported by a fine-grained versioning technique. This 

allows for versioning and differencing of specific elements of the models versus just 

lines or whole files. Moreover, Sherba et al. [60] propose TraceM which is a 

framework for automating the management of traceability relationships by using open 

hypermedia architecture and information integration. This approach also utilizes 

XML-based representation to represent the models and their traceability relationships. 

Like the rule-based approach, XML itself is not enough to define the semantics of the 

elements and their relationships. 

 

 

2.3 Discussion 
 

 The summary of existing requirements traceability approaches and tools 

are listed in Table 2.1. We categorize and demonstrate the characteristics of these 

approaches and tools to support the generation of traceability relationships depending 

on the granularity of traceability and the degree of automation. In general, various 

commercial requirements traceability tools and research tools (i.e., REMAP, RETH, 

RADIX and TOOR) manually establish traceability links by the users at a coarse-

grained level during software development process. However, the manual generation 

of traceability relationships can be expensive, difficult, tedious, labor-intensive and 

time-consuming. 

 

 Examples of the semi-automatic approaches include EBT, the work in 

Pashov & Riebisch, VBRT and Trace Analyzer, which utilize the event-based 

approach, feature model-based approach, value-based approach and scenario-based 

approach respectively. Although these semi-automatic approaches can be considered 

as an improvement when compared with the manual approaches, the initial 

identification of the user relationships may still be expensive, tedious, labor-intensive 

and time-consuming. 
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Table 2.1  Summary of existing requirements traceability approaches and tools 
 

Granularity Degree of Automation 
RT Approaches & 

Tools Coarse Medium Fine Manual 
Semi-

automatic 
Automatic 

Commercial RT tools ×   ×   

REMAP ×   ×   

RETH ×   ×   

RADIX ×   ×   

TOOR ×   ×   

Antoniol et al.   ×   × 

Marcus & Maletic   ×   × 

Settimi et al.   ×   × 

Poirot:TraceMaker   ×   × 

RETRO   ×   × 

Trace Retrieval   ×   × 

Spanoudakis et al.   ×   × 

EBT  ×   ×  

Maletic et al.   ×   × 

TraceM   ×   × 

Pashov & Riebisch  ×   ×  

VBRT   ×  ×  

Trace Analyzer   ×  ×  

 

 Requirements traceability approaches and tools make use of IR techniques 

(i.e., Poirot:TraceMaker, RETRO, Trace Retrieval and the work in Antoniol et al., 

Marcus & Maletic, Settimi et al.), rule-based approach (i.e. the work in Spanoudakis et 

al.) and hypertext-based approach (i.e., the work in Maletic et al. and TraceM) to 

provide the automatic generation of traceability relationships at a fine-grained level. 

Nevertheless, they handle the requirements artifacts defined or expressed by various 

users by using the same set of vocabularies in the requirements descriptions. 

Accordingly, the openness and shared vocabulary restrict the freedom in expressing 

multiperspectives. 
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 Based on the above review of existing approaches and tools to support 

requirements traceability, the focus of our work is concerned with the automatic 

generation of different types of traceability relationships between multiperspective 

requirements artifacts at a fine-grained level for any software requirements domain. 

We concentrate on automatically generating the semantic links of requirements 

elements expressed differently in various perspectives to resolve the heterogeneity 

problems found in multiperspective requirements artifacts. 

 

 

2.4 Chapter Summary 
 

 This chapter presents the principle concepts of requirements engineering 

and requirements traceability. Requirements management has been recognized as an 

important task in the requirements engineering processes for managing requirements 

changes throughout the software development life cycle. Requirements traceability 

comes into play in requirements change management for software development 

process. Traceability relationships can improve the quality of the software product 

being developed and reduce development time and cost. 

 

 We investigate on existing requirements traceability approaches and tools 

for software requirements and architecture. At present, there are many challenges to 

achieving requirements traceability, particularly the absence of automated techniques 

to assist in the identification of linkages among software artifacts within and across the 

software development process. One of the challenges for providing traceability 

relationships is that it becomes necessary to utilize both the constructs of language 

syntax as well as semantics. In view of that, our work contributes the approach to 

support for the automatic generation of traceability relationships between 

multiperspective requirements artifacts at a fine-grained level for any software 

requirements domain. 
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 In the next chapter, we will elaborate on the fundamental concepts of 

ontology. We also provide a survey of ontology for requirements engineering and 

software development, followed by a review of existing schema and ontology 

approaches. Subsequent chapters will describe the use of ontology as a knowledge 

management mechanism in order to resolve the heterogeneity problems found in 

multiperspective requirements artifacts. 
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CHAPTER III 

ONTOLOGY FOR REQUIREMENTS ENGINEERING AND 

SOFTWARE DEVELOPMENT 

 

 
 This chapter presents the principle of ontology and its applications in 

software development detailed in Section 3.1. The intention of this section is to 

provide basic understanding of ontologies which are applied to our alternative solution 

for tracing multiperspective requirements artifacts. Sections 3.2 and 3.3 elaborately 

describe the state-of-art of methodologies for building ontologies and knowledge 

representation for ontologies. A review of existing schema and ontology integration 

tools is also investigated in Section 3.4, followed by a comparative study of existing 

schema and ontology matching approaches in Section 3.5. Lastly, Section 3.6 

discusses the summary of existing schema and ontology matching approaches. 

 

 

3.1 Ontology and Its Applications in Software Development 
 

 Originally, the term ontology comes from philosophy – it goes as far back 

as Aristotle’s attempt to classify the things in the world – where it is employed to 

describe the existence of beings in the world. Artificial intelligence (AI) deals with 

reasoning about the models of the world. Consequently, it is not strange that AI 

researchers adopt the term “ontology” to describe those parts of the world that can be 

computationally represented in a program. Many definitions of ontologies can be 

given in the last decade, but one that characterizes it the best based on the related 

definitions proposed by Gruber in [61]: an ontology is an explicit specification of a 

conceptualization. In such an ontology, the definitions associate the names of entities 

in the universe of discourse (e.g., classes, relations, functions or other objects) with 

human-readable text describing what the names are meant to denote and formal 

axioms that constrain the interpretation and well-formed use of these terms. The initial 
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definition proposed by Gruber is slightly modified by Borst in [62]. Ontologies are 

defined as a formal specification of a shared conceptualization. A merge of both 

definitions can be phrased as an explicit formal specification of a shared 

conceptualization as discussed by Studer et al. in [63]. Explicit means that the type of 

concepts used and the constraints on their use are explicitly defined. Formal refers to 

the fact that it should be machine-readable. Shared reflects the notion that the 

knowledge represented in an ontology captures consensual knowledge, that is, it is not 

private to some individual, but accepted by a group. Conceptualization refers to an 

abstract model of some phenomenon in the world by having identified the relevant 

concepts of that phenomenon. In other words, it refers to the objects, concepts and 

other entities assumed to exist in some area of interest and the relationships holding 

among them. 

 

 The ontology is now widely used in knowledge engineering, artificial 

intelligence and computer science. Generally speaking, it is also used as an important 

component in many application areas, such as knowledge management [64], electronic 

commerce (e.g., TOVE [65], Enterprise Ontology [66] and [67]), distributed systems 

[68], information retrieval systems [69], electrical networks (e.g. KACTUS [70]), 

chemistry (e.g. METHONTOLOGY [71]) and natural language processing (e.g., Cyc 

[72-74], GUM [75-77], WordNet [78, 79], Sowa [80-82], Mikrokosmos [83, 84], 

SENSUS [85], Universals and particulars [86-88], SUO [89] and EuroWordNet [90]), 

in new emerging fields like the Semantic Web. Broadly speaking, the ontology can 

prove very useful for a community as a way of structuring and defining the meaning of 

the metadata terms that are currently being collected and standardized. By using 

ontologies, tomorrow’s applications can be “intelligent” in the sense that they can 

more accurately work at the human conceptual level. 

 

 In the field of software engineering, there are a number of works that have 

applied and used ontology to different processes or phases in the software 

development life cycle, starting from software requirements analysis [91], cost 

estimation in project planning [92] to re-engineering [93]. Wongthongtham et al. [94] 

apply ontology to multi-site distributed software development. Other attempts have 
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been done in using an ontology-based approach for traceability [95], [96], [97] and 

query purposes [98]. Nonetheless, those existing works focus on using a single 

ontology to share a common understanding, manual construction of ontology and 

applying the ontology to specific domain applications. Defining, verifying and 

merging large number of ontology concepts and their relationships manually by using 

some existing tools as reviewed above can be a tedious, labor-intensive and time-

consuming task. In view of that, our work aims at applying ontology without requiring 

manual tasks in ontology construction and integration process. 

 

 

3.2 Methodologies for Building Ontologies 
 

 The most well known methodologies used in ontology development are 

investigated and discussed by Fernandez-Lopez in [99]. Examples include TOVE [65], 

Enterprise Ontology [66], KACTUS [70], SENSUS [85] and METHONTOLOGY 

[71]. We make use of the approach proposed by Noy and McGuinness in [100] to 

construct the ontology in this work. Noy and McGuinness describe an ontology-

development methodology for declarative frame-based systems. They list the steps in 

the ontology development process and address the complex issues of defining class 

hierarchies and properties of classes and instances. There are several approaches, such 

as a top-down, bottom-up and combination development process, for developing the 

class hierarchy. However, after following all the rules and suggestions, one of the most 

important things is the following: there is no single correct ontology for any domain. 

Ontology design is a creative process and no two ontologies designed by different 

people would be the same. The potential applications of the ontology and the 

designer’s understanding and view of the domain will undoubtedly affect ontology 

design choices. “The proof is in the pudding” – we can assess the quality of our 

ontology only by using it in the applications for which we design it. 
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3.3 Knowledge Representation for Ontologies 
 

 The ontology captures consensual knowledge which is described in the 

terms of a formal model. In the ontology, a set of concept types and a set of formal 

axioms are explicitly defined with both human-readable and machine-readable text. 

There are a large number of existing standards and standardization efforts which are 

either directly or indirectly involved in the provision of ontology language standards, 

such as CycL [72], LOOM [101], KIF [102], Frame Ontology [61], F-Logic [103], 

Ontolingua [104], OKBC [105] and OCML [106]. Currently, XML is emerging as the 

standard language for data interchange on the Internet. There is a clear requirement to 

exchange ontologies using XML syntax. Examples of the most outstanding ontology 

markup languages include SHOE [107], XOL [108], OIL [109], DAML+OIL [110], 

RDF [111], RDF Schema [112] and OWL [113]. All of them use XML syntax with 

their different origins reflected in different tag names and structures. 

 

 We apply the F-Logic [103] or first-order logic (FOL) to represent the 

ontology for machine-readable in this work. F-logic is a knowledge representation and 

ontology language. It accounts in a declarative fashion for structural aspects of object-

oriented and frame-based languages. F-logic stands in the same relationship to object-

oriented programming as classical predicate calculus. 

 

 

3.4 A Review of Existing Schema and Ontology Integration Tools 
 

 Ontology is typically manually constructed and edited by various ontology 

development tools [114], such as Protégé-2000, OntoEdit, WebOnto, KAON and 

OidEd. There are many schema and ontology integration tools for aligning and 

merging among the schemas and ontologies as listed in Table 3.1. Nevertheless, most 

of these tools also let the users integrate the ontologies manually. Examples include 

OBSERVER [115] and COG [116]. Although some tools, such as InfoSleuth [117] 

and ONION [118], provide a semi-automatic integration of ontologies, these tools 

force the users to use a global ontology to share a common vocabulary. For the 
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merging tools (e.g., PROMPT [119], Chimaera [120] and KRAFT [121]), there is no 

intermediate result for aligning or matching the concepts between the ontologies 

because the source ontology does not remain after the merge process. 

 

Table 3.1  Summary of existing schema and ontology integration tools 
 

Degree of Automation 
User Model 

Mapping Support 

Integration Paradigm  

Mapping Pattern Integration 

Tool 
Manual 

Semi-

automatic 
Automatic Global Local Aligning Merging Combination 

InfoSleuth  ×  ×    × 

PROMPT  ×     ×  

OBSERVER ×    × ×   

Chimaera  ×     ×  

KRAFT  ×   ×   × 

ONION  ×  ×    × 

COG ×   ×    × 

 

 

3.5 A Comparative Study of Existing Schema and Ontology 

Matching Approaches 
 

 A survey of approaches on schema and ontology matching has been 

discussed by Rahm and Bernstein in [122] and Wache et al. in [123]. Both schema and 

ontology matching are very much relevant. Schema matching aims to provide a 

matching between database schemas. Match is a fundamental operation in the 

manipulation of schema information, which takes two schemas as input and produces 

a mapping between the elements of the two schemas that semantically correspond to 

each other. Ontology matching is essential for the process of merging or aligning 

ontologies and for effective communication between agents. The primary goal of 

ontology matching is to identify a correspondence or mapping between concepts and 

relationships in different ontologies. Ontology matching can be seen as an operation 

that takes two graph-like structures and produces a mapping between elements of the 

two graphs that semantically correspond to each other. In other words, it takes two 
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ontologies, each consisting of a set of entities (e.g., concept, attribute and relation) as 

the input and determines the relationships (e.g., equivalence and subsumption) holding 

between these entities as the output. In view of that, schema and ontology matching 

are the essential tasks for semantic interoperability purposes. 

 

 The purpose of this section is to survey the existing schema and ontology 

matching approaches discussed in [122] and [124] which have emerged during the last 

decade. These approaches are classified into schema-based matching (Section 3.5.1), 

instance-based matching (Section 3.5.2) and mixed systems (Section 3.5.3). The 

details of each classification are given in the following sections. 

 

3.5.1 Schema-Based Matching 

 

 Schema-level matchers only consider schema information, not instance 

data. The available information includes the usual properties of schema elements, such 

as name, description, data type, relationship types (e.g., part-of, is-a, etc.), constraints 

and schema structure. Generally, a matcher will find multiple match candidates. For 

each candidate, it is customary to estimate the degree of similarity by a normalized 

numeric value in the range [0, 1] in order to identify the best match candidates. 

Examples of schema-based matching approaches include DIKE [125-127], TranScm 

[128], SKAT [129, 130], ARTEMIS [131-133], Cupid [134], COMA [135], SF [136], 

CtxMatch [137], COMA++ [138], DCM [139], H-Match [140] and S-Match [141] 

approaches. 

 

3.5.2 Instance-Based Matching 

 

 Instance-level data can give important insight into the contents and the 

meaning of schema elements. This is especially true when useful schema information 

is limited as is often the case for semi-structured data. In the extreme case, no schema 

is given, but a schema can be constructed from the instance data either manually or 

automatically (e.g., a “data guide” or an approximate schema graph may be 
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automatically constructed from XML documents). The LSD [142, 143] and GLUE 

[144, 145] are the examples of instance-based matching approaches. 

 

 Although the approach is primarily instance-oriented, it can also exploit 

schema information. A learner can take self-describing input, such as XML, and make 

its matching decisions by focusing on the schema tags while ignoring the data instance 

values. The LSD has also been extended to consider user supplied domain constraints 

on the global schema to eliminate some of the previously determined match candidates 

for improving match accuracy. 

 

3.5.3 Mixed Systems 

 

 The mixed systems take the advantages of both schema-based matching 

and instance-based matching. Examples of these systems include SEMINT [146-148], 

NOM [149], OLA [150] and QOM [151]. 

 

 

3.6 Discussion 
 

 The summary of existing schema and ontology matching approaches are 

shown in Table 3.2. From this table, we conclude the techniques used in various 

schema and ontology matching approaches including learner, mathematical, rule, 

graph and model-based techniques. A number of approaches can be classified into 

schema and instance-based matching systems. The main focus of this work is on 

schema-based matching (i.e., DIKE, TranScm, SKAT, ARTEMIS, Cupid, COMA, SF, 

CtxMatch, COMA++, DCM, H-Match and S-Match). Accordingly, the instance-based 

matching (i.e., LSD and GLUE) and the mixed systems (i.e., SEMINT, NOM, OLA 

and QOM) are excluded from this consideration. We specifically apply the S-Match 

approach to match the concepts between two ontologies based upon the following 

observations. 
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Table 3.2  Summary of existing schema and ontology matching approaches 
 

Technique 

Learner-Based 
Approach 

Schema-

Based 

Matching 

Instance-

Based 

Matching 
Neural 

Networks 

Machine 

Learning 

Mathematical-

Based 

Rule-

Based 

Graph-

Based 

Model-

Based 

SEMINT × × ×      

DIKE ×    ×    

TranScm ×     ×   

SKAT ×     ×   

ARTEMIS ×    ×    

LSD  ×  ×     

Cupid ×      ×  

COMA ×      ×  

GLUE  ×  ×     

SF ×      ×  

CtxMatch ×       × 

NOM × × ×   ×   

OLA × ×     ×  

QOM × × ×   ×   

COMA++ ×      ×  

DCM ×     ×   

H-Match ×      ×  

S-Match ×       × 

 

 Firstly, various approaches take as input a pair of schemas or ontologies, 

including S-Match, while only a small number of approaches take as input multiple 

schemas (e.g. DCM). 

 

 Secondly, a large number of approaches handle graphs. Some examples 

include Cupid, COMA, SF, CtxMatch, COMA++, H-Match and S-Match. 

 

 Thirdly, most of the existing approaches under consideration deal with 

particular schema or ontology types such as relational, XML, RDF and OWL. Only a 

small number of approaches aim at being generic (i.e., handle multiple types of 

schemas or ontologies). Some examples include Cupid, COMA, SF, COMA++ and S-

Match. 
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 Finally, most of existing approaches focus on computing similarity 

measures in [0, 1] range. Only little approaches compute semantic relations (i.e., 

equivalence, subsumption, mismatch and overlapping) between the concepts. Some 

examples of the latter include CtxMatch and S-Match. The semantic relations can be 

applied to our work for automatically generating different types of traceability 

relationships. 

 

 

3.7 Chapter Summary 
 

 This chapter provides state-of-the-art ontology concepts, methodologies 

for building ontologies and knowledge representation ontologies. The ontology is 

essential for applications that want to search across or merge information from diverse 

communities. More importantly, it is a declarative description of fundamental 

understanding of an agent on the world of interest and is useful to come to a mutual 

understanding through explication of what is left implicit. In view of that, the ontology 

is used in our work in order to tackle the lack of communication, the poor shared 

understanding, the limit in interoperability, the overlap points of view and cross 

purposes and the problems arising from using different terminologies to represent the 

same concept (synonyms) or using the same term to represent different concepts 

(homonyms) among multiperspective requirements artifacts. In other words, ontology 

is specially used as a knowledge management mechanism to resolve the heterogeneity 

problems found in multiperspective requirements artifacts for interoperability and 

traceability purposes. 

 

 We also explore ontology for requirements engineering and software 

development and survey on existing schema and ontology matching approaches in this 

chapter. Ontology matching is a promising solution to the semantic heterogeneity 

problem. It finds the correspondences (i.e., equivalence, more general, less general, 

mismatch and overlapping) between semantically related concepts of the ontologies. 

From the literature, a large number of ontology approaches focus on using a single or 

global ontology to share a common understanding, manual construction of ontology 
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and applying the ontology to specific domain application. As a result, our approach 

provides an automatic construction of multiple ontologies that is applicable to 

represent multiperspective requirements artifacts for any specific domain applications. 

How this can be achieved will be elaborated in the next chapter which explains the 

details of the MUPRET framework. 
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CHAPTER IV 

THE MUPRET FRAMEWORK 

 

 
 The objective of this chapter is to propose an alternative multiperspective 

requirements traceability (MUPRET) framework in order to resolve the heterogeneity 

problems found in the multiperspective requirements artifacts detailed in Section 4.1. 

Section 4.2 elaborately describes requirements ontology used for knowledge 

integration and interchange in multiperspective requirements artifacts, followed by the 

mapping of ontology relationships to traceability relationships in Section 4.3. Section 

4.4 provides the use of NLP techniques and rule-based approaches to automatically 

extract requirements elements from requirements artifacts. Ontology matching for 

automatic generation of traceability relationships is presented in Section 4.5. 

 

 

4.1 An Overview of the MUPRET Framework 
 

 Our work aims to introduce the MUPRET framework which applies and 

merges the NLP techniques, rule-based approaches and ontology concepts in order to 

resolve the heterogeneity problems found in multiperspective requirements artifacts. 

This section aims at presenting an architectural view of the MUPRET framework. 

Figure 4.1 shows our MUPRET framework which contains five main modules: a 

requirements analyzer (RA), a requirements elements generator (REG), a base 

requirements ontology (BRO), a requirements ontology constructor (ROC) and an 

ontology matcher (OM). The details of these modules in the framework can be 

summarized as follows: 
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Figure 4.1  Multiperspective requirements traceability (MUPRET) framework 

 

1. The RA obtains a set of requirements artifacts represented in terms of 

natural language or plain English text. It uses the NLP techniques to 

syntactically analyze these artifacts and generate lexical semantic 

representation as the output. 

 

2. The REG utilizes rule-based approaches to automatically extract 

requirements elements from requirements artifacts. 

 

3. The BRO constructs a base ontology to classify requirements types of 

requirements artifacts in the domain of software requirements. 

 

4. The ROC attaches requirements elements into the base ontology to 

automatically construct requirements ontology of each software 

practitioner as a common representation for knowledge interchange 

purposes. 

 

5. The OM applies an ontology matching technique in order to 

automatically generate traceability relationships when a match is 

found in the requirements ontologies. 
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4.2 Requirements Ontology for Knowledge Integration and 

Interchange in Multiperspective Requirements Artifacts 
 

 Requirements ontology is proposed as an alternative approach to represent 

multiperspective requirements artifacts in a common way and define an explicit 

account of a shared understanding among diverse software practitioners for 

traceability and interoperability purposes. The basic structure of requirements 

ontology consists of a base ontology and a local ontology. A base ontology contains 

requirements types of requirements artifacts in the domain of software requirements. 

The proposed base ontology is used to reduce the number of all possible matching 

concepts for increasing the matching performance. A local ontology includes 

requirements elements of requirements artifacts as the instances for software 

requirements domain. Using the local ontology gives each software practitioner the 

freedom to have his/her own semantics or interpretation of requirements artifacts. 

After constructing the local ontology for each requirements artifact, it is integrated to 

the base ontology in order to produce requirements ontology. To do this, we apply a 

bottom-up approach [100] to construct the requirements ontology. A bottom-up 

development process starts with the definition of the most specific concepts, the leaves 

of the hierarchy, with subsequent grouping of these concepts into more general 

concepts. 

 

 In this work, we focus on functional requirements including both data and 

process specifications. The users usually express or define their requirements to 

describe the data and the functionality of software systems. Thus, we concentrate on 

the discovery of three kinds of requirements elements: object, relationship and 

process. There are nine kinds of relationships identified for those three kinds of 

requirements elements. They are aggregation (partOf), attribute (attributeOf), property 

(propertyOf), generalization/specialization (isA), actor (actorOf), input (inputOf), 

output (outputOf), equivalence (sameAs) and association (associatedWith) 

relationships. In order to come up with the three kinds of requirements elements and 

the nine kinds of relationships, they are derived from the characteristics of object-

oriented approach. In this work, we do not concentrate on non-functional 
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requirements, such as reliability, performance or security requirements, and other 

modeling in software development process. However, we can extend by adding the 

constraints or model elements into the base ontology to cover all phases of the 

software development life cycle in the future. 

 

 The base ontology is one of our main contributions in the MUPRET 

framework. We utilize such a base ontology to classify requirements types of 

requirements artifacts in the domain of software requirements. This base ontology is 

constructed by complying with the IEEE Std 830-1998 [5] and the ESA PSS-05-03 

[152]. We use a top-down approach [100], [153] in order to construct this base 

ontology starting from the most general concept of requirement artifacts which is 

classified into two concepts: functional requirement and non-functional requirement. 

The functional requirement concept can be further classified as data specification, 

process specification and control specification. We apply the same principle to 

categorize other concepts in the base ontology. 

 

 The ontology constructed by our MUPRET framework is internally 

represented in terms of first-order logic (FOL). For readability purpose, we also 

provide a graphical tree view for the visualization of the ontology by using Graph 

visualization (Graphviz) software [154, 155] developed at AT&T research labs. An 

example of MUPERT base ontology is shown in Figure 4.2. The graphical notations of 

the visualization view are defined in Figure 4.3. Note that some notations are 

enhanced from unified modeling language (UML)-like but they have more specific 

meaning used in this work. These relationships defined in MUPRET are used to derive 

traceability relationships from ontology matching. 

 

 

Copyright by Mahidol University



Namfon Assawamekin  The MUPRET Framework / 36 

data data relation function

requirement artifact

object

functional requirement non-functional requirement

data specification process specification control specification

relationship process
 

 

Figure 4.2  A graphical representation of a base ontology 
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Figure 4.3  Graphical notations of ontology relationships 

 

 

4.3 Mapping of Ontology Relationships to Traceability Relationships 
 

 Ontology matching is applied to automate the generation of traceability 

links by taking two requirements ontologies and producing correspondences (i.e., 

equivalence, more general, less general, mismatch and overlapping) between the 

ontology concepts that semantically correspond to each other. The result of ontology 

matching is called semantic relations in this work. As a result, the traceability 

relationships of multiperspective requirements artifacts can be automatically generated 

when a match is found in the requirements ontologies. 

 

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ.  Ph.D.(Computer Science) / 37 

 We use types of overlap relations defined in [156] to generate traceability 

relationships of multiperspective requirements artifacts in our work. Thus, the 

semantic relations generated from ontology matching will be mapped to traceability 

relationships as shown in Table 4.1. It is noticeable that it is one-to-one mapping 

between semantic relations and traceability relationships. 

 

Table 4.1  Conversion of semantic relations into traceability relationships 
 

Semantic relations Traceability relationships 

Equivalence (=) overlapTotally (=) 

More or less general (⊇, ⊆) overlapInclusively (⊇, ⊆) 

Mismatch (⊥) noOverlap (⊥) 

Overlapping (∩) overlapPartially (∩) 

 

 The distinction and implication among different types of traceability 

relationships is important not only because these relationships have a different impact 

on the requirements traceability status of two requirements artifacts but also because 

the corrections of requirements changes occurring due to each of these types of 

traceability relationships might not be the same. In our work, we order traceability 

relationships as they have been listed, according to their binding strength, from the 

strongest to the weakest. The more general and less general have the same binding 

strength. Hence, overlapTotally is the strongest relationship since the sets of source 

concept have exactly the same as the sets of target concept. The source and target 

concepts are overlapInclusively if one of the designated sets is proper subset of the 

other. Both source and target concepts are overlapPartially if their designated sets 

have both concepts in common and non-common concepts. More importantly, we 

discard noOverlap relationship which is the weakest relationship in this work because 

there is no effect on multiperspective requirements artifacts changes. 
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4.4 NLP and Rule-Based Automatic Requirements Elements 

Extraction 
 

 To generate requirements elements and their relationships, we consider the 

predicate terms appearing in the lexical semantic representation for automatically 

extracting requirements elements and their relationships from requirements artifacts. 

The requirements elements and their relationships are extracted by using noun-verb 

analysis defined in the CM-Builder [157, 158] approach. The following rules are used 

for the analysis and extraction of requirements elements and their relationships. The 

rules are physically implemented in Prolog [159]. The rules 1 – 8 are defined as in the 

CM-Builder approach while the rules 9 – 14 are our additional rules for the extraction 

of the extra requirements elements and their relationships as defined in Section 4.2. 

 

Object and relationship extraction rule 

 

RULE 1. If x is a noun, then x is an object. 

 

 For example, consider the statement “Each department has a department 

code.” This statement is extracted so that department is an object and department code 

is an object. Equivalently, object(department) and object(department_code) are 

expressed in the predicate terms. 

 

RULE 2. If r is a verb, then r is a relationship. 

 

 For example, consider the statement “A patient is admitted by a doctor 

who is working in a particular clinic.” This statement is extracted so that admit is a 

relationship and work is a relationship. Equivalently, relationship(admit) and 

relationship(work) are expressed in the predicate terms. 
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Aggregation relationship extraction rule 

 

RULE 3. Let r be a special verb relation (e.g., part of, belong to or subdivision of). 

If object x participates in object y with r, then object x is a part of object y. 

 

 For example, consider the statement “A doctor investigation system is a 

part of a hospital information system.” This statement is extracted so that doctor 

investigation system is a part of hospital information system. Equivalently, 

partOf(doctor_investigation_system, hospital_information_system) is 

expressed in the predicate terms. 

 

RULE 4. Let r be a special verb relation (e.g., have, contain, comprise, include, 

define, consist of, compose of, denote by, identify by, make up of or record with). If 

object x participates in object y with r and object y also participates in object z with 

another r, then object y is a part of object x. 

 

 For example, consider the statement “Each department has a department 

code. A department code has 4 digit numbers.” This statement is extracted so that 

department code is a part of department. Equivalently, partOf(department_code, 

department) is expressed in the predicate terms. 

 

Attribute relationship extraction rule 

 

RULE 5. If object x participates in a possessive relation with object y and is 

mentioned once in the requirements artifacts, then object x is an attribute of object y. 

 

 For example, consider the statement “A nurse can search patient’s 

information by using a hospital number, a name or an address.” This statement is 

extracted so that information is an attribute of patient. Equivalently, 

attributeOf(information, patient) is expressed in the predicate terms. 
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RULE 6. Let r be a special verb relation (e.g., have, contain, comprise, include, 

define, consist of, compose of, denote by, identify by, make up of or record with). If 

object x participates in object y with r and object y does not participate in another 

relationship in the requirements artifacts, then object y is an attribute of object x. 

 

 For example, consider the statement “A patient is uniquely identified by 

HN.” This statement is extracted so that HN is an attribute of patient. Equivalently, 

attributeOf(HN, patient) is expressed in the predicate terms. 

 

Generalization/specialization relationship extraction rule 

 

RULE 7. Let r be a special verb relation (e.g., be, kind of, type of, classify into or 

consider as). If object x participates in object y with r, then object x is a kind of object 

y. 

 

 For example, consider the statement “A staff is classified into two types: 

nurses and doctors.” This statement is extracted so that nurse is a staff and doctor is a 

staff. Equivalently, isA(nurse, staff) and isA(doctor, staff) are expressed in 

the predicate terms. 

 

Association relationship extraction rule 

 

RULE 8. Let r be a relationship. If object x participates in object y with r, then 

object x is associated with object y with relationship r. 

 

 For example, consider the statement “A patient is admitted by a doctor 

who is working in a particular clinic.” This statement is extracted so that doctor is 

associated with patient with admit and doctor is associated with clinic with work. 

Equivalently, associatedWith(admit, doctor, patient) and 

associatedWith(work, doctor, clinic) are expressed in the predicate terms. 
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Process and its relationships extraction rule 

 

RULE 9. If p is a verb that requires the inputs, then p is a process. 

 

 For example, consider the statement “A nurse can search patient’s 

information by using a hospital number, a name or an address.” This statement is 

extracted so that search is a process. Equivalently, process(search) is expressed in 

the predicate terms. 

 

RULE 10. If object x acts as a subject of process p, then object x is an actor of process 

p. 

 

 For example, consider the statement “A nurse can search patient’s 

information by using a hospital number, a name or an address.” This statement is 

extracted so that nurse is an actor of search. Equivalently, actorOf(nurse, search) 

is expressed in the predicate terms. 

 

RULE 11. If object x participates in preposition (e.g. by) with process p, then object x 

is an input of process p. 

 

 For example, consider the statement “A nurse can search patient’s 

information by using a hospital number, a name or an address.” This statement is 

extracted so that hospital number is an input of search, name is an input of search and 

address is an input of search. Equivalently, inputOf(hospital_number, search), 

inputOf(name, search) and inputOf(address, search) are expressed in the 

predicate terms. 

 

RULE 12. If object x acts as an object of process p, then object x is an output of 

process p. 

 

 For example, consider the statement “A nurse can search patient’s 

information by using a hospital number, a name or an address.” This statement is 
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extracted so that information is an output of search. Equivalently, 

outputOf(information, search) is expressed in the predicate terms. 

 

Property relationship extraction rule 

 

RULE 13. If object x is a numeric modifier of object y, then object x is a property of 

object y. 

 

 For example, consider the statement “Each department has a department 

code. A department code has 4 digit numbers.” This statement is extracted so that 4 is 

a property of digit number. Equivalently, propertyOf(4, digit_number) is 

expressed in the predicate terms. 

 

Equivalence relationship extraction rule 

 

RULE 14. If object x is an abbreviation for object y, then object x is the same as 

object y. 

 

 For example, consider the statement “Each patient consists of a hospital 

number (HN).” This statement is extracted so that HN is the same as hospital number. 

Equivalently, sameAs(HN, hospital_number) is expressed in the predicate terms. 

 

 

4.5 Ontology Matching for Automatic Traceability Relationships 

Generation 
 

 We can generate the explicit relationships found in the multiperspective 

requirements artifacts directly by applying the rules mentioned in the previous section. 

Before matching the concepts between two requirements ontologies takes place, we 

apply some rules to automatically discover implicit relationships from existing explicit 

relationships found in the ontologies. The implicit relationships are produced by using 

the following inheritance, transitive and pseudo-transitive rules. 
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Inheritance rule 

 

RULE 15. If object x is a part of or an attribute of object y and object z is a kind of 

object y, then object x is also a part of or an attribute of object z respectively. 

 

 For example, if name is an attribute of staff and doctor is a staff, then name 

is also an attribute of doctor. 

 

Transitive rule 

 

RULE 16. If object x is related to object y and object y is in turn related to object z, 

then object x is also related to object z. 

 

 For example, if surgeon is a doctor and doctor is a staff, then surgeon is 

also a staff. 

 

Pseudo-transitive rule 

 

RULE 17. If object x is related to object y and object z is the same as object x, then 

object z is also related to object y. 

 

 For example, if hospital number is an attribute of patient and HN is the 

same as hospital number, then HN is also an attribute of patient. 

 

 We then match the concepts between two requirements ontologies in the 

domain of software requirements by applying S-Match [141] approach. However, we 

extend S-Match to cover nine kinds of ontology relationships and to produce 

overlapping relation. We allow users to incorporate and add the vocabularies into our 

domain knowledge for resolving lack of background knowledge found in S-Match. 

The proposed base ontology is used to reduce the number of all possible matching 

concepts for increasing the matching performance. These comparisons between S-

Match and our MUPRET ontology matcher can be shown in Table 4.2. 
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Table 4.2  The differences between S-Match and MUPRET ontology matcher 
 

Characteristics S-Match MUPRET ontology matcher 

Application domain Database application Software requirements domain 

Kinds of input 

relationships 

Handles 3 kinds of 

XML schema 

relationships (i.e., is a, 

part of and attribute of) 

Handles 9 kinds of ontology 

relationships (i.e., partOf, 

attributeOf, isA, propertyOf, 

sameAs, actorOf, inputOf, 

outputOf and associatedWith) 

External resources WordNet WordNet 

Domain knowledge 

The number of 

matched elements or 

concepts 

Matches all possible 

elements 

Uses a base ontology to filter or 

prune different types of concepts 

and matches only the same type 

of concepts 

Matching results 

(semantic relations) 

Equivalence (=) 

Subsumption (⊇, ⊆) 

Mismatch (⊥) 

Equivalence (=) 

Subsumption (⊇, ⊆) 

Mismatch (⊥) 

Overlapping (∩) 

 

 Our ontology matching process is executed in the following four steps. 

 

 Step 1: Compute concepts of labels, which denote the set of concepts that 

one would classify under a label it encodes. 

 

 Step 2: Compute concepts of nodes, which denote the set of concepts that 

one would classify under a node, given that it has a certain label and position in the 

graph. For object concepts, the logical formula for a concept at node is defined as a 

conjunction of concepts of labels located in the path from the given node to the root. 

For relationship concepts, the concept at node is identified as a conjunction of domain, 

range and relationship concepts. For process concepts, the concept at node is defined 

as a conjunction of actor, input, output and process concepts. 
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 Step 3: Compute the relations between concepts of labels, called element 

matching. In this work, we contribute a base ontology to define the types of concepts. 

If two concepts have different types, the relation between two concepts is a mismatch. 

We also use external resources (i.e., domain knowledge and WordNet [78, 79], [160], 

[161], [162]) and string matching techniques (i.e., prefix, suffix, edit distance and n-

gram) with a threshold of 0.85. Lexical relations provided by WordNet are converted 

into semantic relations according to the rules as shown in Table 4.3. 

 

 String matching techniques are often used in order to match the names of 

ontology concepts. They consider strings as sequences of letters in an alphabet. They 

are typically based on the following intuition: the more similar the strings, the more 

likely they denote the same concepts. The result is a value in [0, 1]. If the value 

exceeds a given threshold (0.85 by default), the equivalence relation is returned. 

Otherwise, idk is produced. The string matching techniques which are extensively 

used in the matching systems for our work are prefix, suffix, edit distance and n-gram. 

 

• Prefix. This test takes as input two strings and checks whether the first 

string starts with the second one. Prefix is efficient in matching cognate 

strings and similar acronyms (e.g., int and integer). 

 

• Suffix. This test takes as input two strings and checks whether the first 

string ends with the second one (e.g., phone and telephone). 

 

• Edit distance. This distance takes as input two strings and computes the 

edit distance between two strings. That is, the number of insertions, 

deletions and substitutions of characters required to transform one 

string into another normalized by the length of the longest string. 

 

• N-gram. This test takes as input two strings and computes the number 

of common n-grams (i.e. sequences of n characters) between them. For 

example, trigram(3) for the string doctor are doc, oct, cto and tor. 
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Table 4.3  The relationships among lexical relations, semantic relations and 

propositional formula 
 

Lexical relations Semantic 

relations 

Propositional logic Translation of formula into 

conjunctive normal form 

Synonym a = b a ↔ b axioms ∧ ∀(context1 ∧ ¬context2) 

axioms ∧ ∀(¬context1 ∧ context2) 

Hyponym or meronym a ⊆ b a → b axioms ∧ ∀(context1 ∧ ¬context2) 

Hypernym or holonym a ⊇ b b → a axioms ∧ ∀(¬context1 ∧ context2) 

Antonym a ⊥ b ¬(a ∧ b) axioms ∧ ∀(context1 ∧ context2) 

 a ∩ b (a ∧ b) ∨ (a ∧ ¬b) ∨  

(¬a ∧ b) 

axioms ∧ ∃(¬context1 ∨ ¬context2) ∧  

∃(¬context1 ∨ context2) ∧  

∃(context1 ∨ ¬context2) 

 

 Step 4: Compute the relations between concepts of nodes, called concept 

matching. Each concept is converted into a propositional validity problem. Semantic 

relations are translated into propositional connectives using the rules described in 

Table 4.3. We extend the overlapping relation in the last row of the table. These 

semantic relations will be mapped to traceability relationships as the final result 

mentioned earlier in Table 4.1. 

 

 The criterion for determining whether a relation holds between concepts is 

the fact that it is entailed by the premises. Thus, we have to prove that this formula 

(axioms)  rel(context1, context2) is valid. A propositional formula is valid iff its 

negation is unsatisfiable. A SAT solver [163] run on the formula fails. 

 

 The pseudo code of a basic solution for the node matching algorithm is 

provided in Algorithm 1. In lines 110 and 140, the nodeMatch function constructs the 

formulas for testing the less general and more general relations. In lines 120 and 150, 

it converts them into conjunctive normal form (CNF), while in lines 130 and 160, it 

checks the formulas in the CNF for unsatisfiability. If both relations hold, then the 

equivalence relation is returned (line 180). Otherwise, the less general relation is 

returned (line 210) or the more general relation is returned (line 240). Finally, the 
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same procedure is repeated for testing the disjointness and overlap relations. If all the 

tests fail, the idk relation is returned (line 380). 

 

Algorithm 1. The node matching algorithm 
 

100. String nodeMatch(String axioms, context1, context2) 

110. String formula = And(axioms, context1, Not(context2)); 

120. String formulaInCNF = convertToCNF(formula); 

130. boolean isLG = isUnsatisfiable(formulaInCNF); 

140. formula = And(axioms, Not(context1), context2); 

150. formulaInCNF = convertToCNF(formula); 

160. boolean isMG = isUnsatisfiable(formulaInCNF); 

170. if (isMG && isLG) then 

180. return “=”; 

190. endif 

200. if (isLG) then 

210. return “⊆”; 

220. endif 

230. if (isMG) then 

240. return “⊇”; 

250. endif 

260. formula = And(axioms, context1, context2); 

270. formulaInCNF = convertToCNF(formula); 

280. boolean isOpposite = isUnsatisfiable(formulaInCNF); 

290. if (isOpposite) then 

300. return “⊥”; 

310. endif 

320. formula = And(axioms, Or(Not(context1), Not(context2)), 

Or(Not(context1), (context2)), Or((context1), Not(context2))); 

330. formulaInCNF = convertToCNF(formula); 

340. boolean isOverlap = isUnsatisfiable(formulaInCNF); 

350. if (isOverlap) then 

360. return “∩”; 

370. else 

380. return “idk”; 

390. endif 
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 We demonstrate how to use our proposed MUPRET framework to 

generate traceability relationships via two different requirements artifacts with respect 

to two different perspectives. These two requirements artifacts describe parts of a 

hospital information system. More specifically, they describe a doctor investigation 

system (DIS) and an in-patient registration system (IPRS). Part of these requirements 

artifacts can be written in format of plain English text as follows: 

 

 Requirements 1: (DIS perspective) 
 

 Each patient has a unique hospital number (HN) and a name. A patient is 

admitted by a doctor. Nurses and doctors are considered as staffs. A nurse has a name. 

The nurse’s name consists of a first name, an initial and a last name. A doctor is 

identified by an identification number and a name. 

 

 Requirements 2: (IPRS perspective) 
 

 Physicians and nurses are staffs. Staffs have an ID, a name and an address. 

A surgeon is a physician. 

 

 After both requirements artifacts are passed to the MUPRET framework, 

requirements elements are automatically extracted from requirements artifacts. These 

requirements elements will attach into the base ontology to automatically construct 

two requirements ontologies. Accordingly, part of DIS and IPRS requirements 

ontology can be constructed as depicted in Figure 4.4 (exclude a base ontology). 
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Figure 4.4  Part of DIS and IPRS requirements ontology 

 

 To check the unsatisfiability of a propositional formula, we use the 

standard DPLL-based SAT solver. From the example in Figure 4.4, trying to prove 

that doctor1 in DIS requirements ontology is less general than physician2 in IPRS 

requirements ontology, requires constructing the following formula. 

 

((staff1 ↔ staff2) ∧ (doctor1 ↔ physician2)) ∧  

(staff1 ∧ doctor1) ∧ ¬(staff2 ∧ physician2) 

 

 Trying to prove that doctor1 in DIS requirements ontology is more general 

than physician2 in IPRS requirements ontology, requires constructing the following 

formula. 

 

((staff1 ↔ staff2) ∧ (doctor1 ↔ physician2)) ∧  

¬(staff1 ∧ doctor1) ∧ (staff2 ∧ physician2) 

 

 The above formula turns out to be unsatisfiable, and therefore, the less 

general relation holds. It is noticeable that if we test for the more general relation 

between the same pair of concepts, the corresponding formula would be also 
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unsatisfiable. As a result, the final relation for the given pair of concepts is the 

equivalence. 

 

 A part of traceability relationships between DIS and IPRS requirements 

ontology can be generated as shown in the FOL or predicate terms below. 

 

overlapTotally(staff1, staff2) 

overlapTotally(staff1/nurse1, staff2/nurse2) 

overlapTotally(staff1/doctor1, staff2/physician2) 

overlapTotally(staff1/nurse1/name1, staff2/nurse2/name2) 

overlapTotally(staff1/doctor1/name1, staff2/physician2/name2) 

overlapTotally(staff1/doctor1/identification_number1, staff2/physician2/ID2) 

overlapInclusively(staff1/nurse1/name1/first_name1, staff2/nurse2/name2) 

overlapInclusively(staff1/nurse1/name1/last_name1, staff2/nurse2/name2) 

overlapPartially(staff1/nurse1, staff2/physician2) 

overlapPartially(staff1/doctor1, staff2/nurse2) 

 

 To sum up, the MUPRET framework automatically constructs 

requirements ontologies from multiperspective requirements artifacts with the aim of 

generating fine-grained traceability relationships. The ontology matching technique is 

executed without any user interaction in order to achieve this goal. Suppose that the 

relations between element matching are correct, the relations between concept 

matching can generate the precise semantic relations. In view of that, traceability 

relationships are also accurate. 

 

 

4.6 Chapter Summary 
 

 This chapter presents our MUPRET framework to deploy requirements 

ontology as a knowledge management mechanism to intervene mutual 

“understanding” in multiperspective requirements tracing process. Ontology matching 

is applied as a reasoning mechanism in automatically generating traceability 
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relationships without restricting the freedom in expressing requirements differently. 

The relationships are identified by deriving semantic analogy of ontology concepts 

representing requirements elements. 

 

 In this chapter, we contribute the ontology matching approach as the 

alternative solution for tracing multiperspective requirements artifacts with respect to 

different perspective of software practitioners. This approach is used to automatically 

generate the semantic relations with the aim of generating traceability relationships 

between multiperspective requirements artifacts. The main four steps of ontology 

matching algorithm are elaborately presented, together with the pseudo code and the 

help of an illustrative example. 

 

 A prototype of a MUPRET tool, designed and developed to illustrate the 

feasibility for tool support within the MUPRET framework, will be described in the 

next chapter. 
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CHAPTER V 

TOOL SUPPORT – MUPRET 

 

 
 To use our proposed approach effectively, it must be supported by a 

computer-based tool to help automate multiperspective requirements traceability. 

MUPRET, an ontology-driven traceability tool, has been developed in order to support 

our framework and to demonstrate its feasibility for distributed, collaborative and 

multiperspective software development environment. The use of MUPRET tool 

support for the MUPRET framework is examined in Section 5.1. Section 5.2 provides 

the architecture and the functionality of the MUPRET tool. Various software tools 

used for developing the MUPRET tool are presented in Section 5.3. 

 

 

5.1 The MUPRET Tool 
 

 Our proposed approach described in this thesis addresses a wide range of 

software engineering concerns that result from adopting distributed, collaborative and 

multiperspective software development environment approach. Consequently, our 

design of computer-based tool support for the MUPRET framework primarily focuses 

on demonstrating proof-of-concept in this work. The aim of our approach is to build a 

generic support environment for the MUPRET framework. This approach is 

constructed with specialized tools and techniques that either demonstrate the 

feasibility of the approach or address a particular multiperspective requirements 

traceability issue. 

 

 The MUPRET development environment and associated tools are 

constructed in Java-based tool. The nature of the environment allows MUPRET to run 

on PCs running MS-Windows. The MUPRET tool has been developed as a standalone 

environment. The startup window of MUPRET is illustrated in Figure 5.1. The 
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MUPRET is used by system practitioners constructing software engineering methods. 

Alternatively, it may be used by system users. The MUPRET user interface is helpful 

to the novice users. Currently, the MUPRET support tool is implemented with the 

architecture allowing for its easy addition, modification and extension. 

 

 

Figure 5.1  The MUPRET browser 

 

 

5.2 The MUPRET Architecture 
 

 Our MUPRET is an ontology-driven traceability tool used for tracing 

multiperspective requirements artifacts. The designed structure of MUPRET modules 

is shown in Figure 5.2. The translation of requirements artifacts into requirements 

ontology and traceability relationships are carried out through the process flows 

between MUPRET modules as depicted in Figure 5.3. 
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Figure 5.2  The MUPRET module structure 
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Figure 5.3  The MUPRET process flows 

 

 The MUPRET contains eleven main modules. The five main modules at 

the top level consisting of requirements analyzer (Section 5.2.1), requirements 

elements generator (Section 5.2.2), base requirements ontology (Section 5.2.3), 

requirements ontology constructor (Section 5.2.4) and ontology matcher (Section 

5.2.5) are elaborately explained respectively as follows: 
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5.2.1 Requirements Analyzer (RA) 

 

 The requirements analyzer (RA) adopts the Stanford Parser [164] to 

syntactically examine the requirements artifacts and generate grammatical relations 

complied with the definitions in [165]. The RA takes a set of requirements artifacts 

represented in terms of natural language or plain English text as an input and generates 

grammatical relations as its output. Such grammatical relations are derived into lexical 

semantic representation of requirements. Figure 5.4 illustrates the RA’s sub modules: 

tokenizer, sentence splitter and part-of-speech (POS) tagger, which are grouped as 

lexical preprocessor, and parser. The tasks of each sub module are the following. 

 

1. The tokenizer obtains a set of requirements artifacts expressed in 

natural language or plain English text as an input and splits 

requirements sentences in those artifacts into tokens. This includes 

separating words and punctuation, identifying numbers and so on. 

 

2. The sentence splitter identifies sentence boundaries within the given 

text. 

 

3. The part-of-speech (POS) tagger uses the Penn Treebank POS tagset 

[166] as listed in Appendix A to assign the part of speech of each 

token in the input one of 48 POS tags. 

 

4. The parser generates a lexical semantic representation for every 

sentence in the requirements artifacts. 

 

Copyright by Mahidol University



Namfon Assawamekin  Tool Support – MUPRET / 56 

Tokenizer Sentence
Splitter

Part-of-Speech 
(POS) Tagger

Parser

Tokens
Sentence 

Boundaries

Lexical Preprocessor 

Requirements Analyzer (RA)

Natural 
Language

Lexical Semantic Representation

POS-Tagged 
Tokens

 
Figure 5.4  Requirements analyzer (RA) 

 

 Taken the following sentence as an example of requirements sentences 

parsed through the MUPRET: 

 
 A patient is admitted by a doctor who is working in a 

particular clinic. 

 

 The outputs of lexical preprocessor generated by the Stanford Parser are 

depicted as follows: 

 
 A patient is admitted by a doctor who is working in a 

particular clinic . 
 
 A/DT  patient/NN  is/VBZ  admitted/VBN  by/IN  a/DT  

doctor/NN  who/WP  is/VBZ  working/VBG  in/IN  a/DT  particular/JJ  

clinic/NN  ./. 

 

 The RA comes up with the following lexical semantic representation 

which is kept as an intermediate result for further analysis. Note that the abbreviation 

of lexical semantic representation is described in Appendix B. 

 
det(patient-2, A-1) 

nsubjpass(admitted-4, patient-2) 
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auxpass(admitted-4, is-3) 

det(doctor-7, a-6) 

agent(admitted-4, doctor-7) 

nsubj(working-10, who-8) 

aux(working-10, is-9) 

rcmod(doctor-7, working-10) 

det(clinic-14, a-12) 

amod(clinic-14, particular-13) 

prep_in(working-10, clinic-14) 

 

5.2.2 Requirements Elements Generator (REG) 

 

 The requirements elements generator (REG) is one of the main 

contributions in our MUPRET framework. As depicted in Figure 5.5, the REG 

consists of two main sub modules: lexical semantic representation cleaner (LSRC) and 

lexical semantic representation to requirements elements converter (LSR2REC). The 

detailed processes in the LSRC and LSR2REC are described in Sections 5.2.2.1 and 

5.2.2.2 respectively. 
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Figure 5.5  Requirements elements generator (REG) 

 

5.2.2.1 Lexical Semantic Representation Cleaner (LSRC) 

 

 The lexical semantic representation cleaner (LSRC) takes the lexical 

semantic representation generated by the RA as an input and performs the following 

four steps to produce a cleaned lexical semantic representation. 
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 Step 1: Discard part of lexical semantic representation generated by the 

RA, such as det, auxpass, advmod, advcl, rel, expl, prt, prep_during, mark, as they are 

not necessary or not relevant to further analyze the ontology concepts of requirements 

elements and their relationships in the domain of software requirements.  

 

 Step 2: Lemmatize lexical semantic representation in order to convert each 

token into a basic or root form by using the TreeTagger [167, 168] tool. 

 

 Step 3: Transform nouns (i.e. the lexical semantic representation with nn 

predicate) and adjectival modifiers (i.e. the lexical semantic representation with amod 

predicate) to compound nouns. 

 

 Step 4: Generate the ID to all tokens. Using the Stanford Parser, we 

usually obtain the position or the ID of tokens starting from one in each sentence. As a 

consequence, we will consecutively generate the ID to all tokens in this step. 

 

 The followings are the cleaned lexical semantic representation of the 

previous lexical semantic representation in Section 5.2.1. 
 

nsubjpass(admit-1, patient-2) 

agent(admit-1, doctor-3) 

nsubj(work-4, who-5) 

aux(work-4, be-6) 

rcmod(doctor-3, work-4) 

prep_in(work-4, clinic-7) 

 

5.2.2.2 Lexical Semantic Representation to Requirements 

Elements Converter (LSR2REC) 

 

 The lexical semantic representation to requirements elements converter 

(LSR2REC) takes the cleaned lexical semantic representation from the LSRC as its 

input and automatically converts it into requirements elements expressed in the 

predicate terms. Conversion to requirements elements is done with care to ensure that 
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the requirements elements must be able to capture all semantics inherent in 

requirements sentences with minimal loss. The process of the LSR2REC is carried out 

in the following three steps. 

 

 Step 1: Generate requirements elements and their relationships by using 

rule-based approaches mentioned earlier in Section 4.2. 

 

 Step 2: Resolve coreference among requirements elements. If requirements 

elements have the same name and are of the same type but have different IDs, they 

will be changed from different IDs to the same ID. In contrast, if the requirements 

elements have the same name but are of different types, the elements will be given 

with different IDs. 

 

 Step 3: Normalize the requirements elements. If the LSR2REC generates 

the redundant results, they will be removed in this step. 

 

 To exemplify, the cleaned lexical semantic representation generated by the 

LSRC is passed to the LSR2REC. The LSR2REC then automatically generates the 

following requirements elements and their relationships expressed in the predicate 

terms. 

 
object('patient-2'). 

object('doctor-3'). 

object('clinic-7'). 

relationship('admit-1'). 

relationship('work-4'). 

associatedWith('admit-1', 'doctor-3', 'patient-2'). 

associatedWith('work-4', 'doctor-3', 'clinic-7'). 

 

5.2.3 Base Requirements Ontology (BRO) 

 

 The base requirements ontology (BRO) is used to classify requirements 

types of requirements artifacts as described in Section 4.3. 
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5.2.4 Requirements Ontology Constructor (ROC) 

 

 The requirements ontology constructor (ROC) yields a complete 

requirements ontology representing the set of requirements artifacts parsed of a single 

software practitioners. The ontology construction process of this module is done by 

appending the requirements elements generated by the REG into the base ontology. 

Figure 5.6 shows the inputs and output of this ROC. 

 

Requirements Ontology 
Constructor (ROC)

Requirements 
Ontology

Base 
Ontology

Requirements 
Elements

 
 

Figure 5.6  Requirements ontology constructor (ROC) 

 

 Figure 5.7 illustrates an example of requirements ontology constructed by 

the ROC. Note that the graphical notations of ontology relationships in the figure are 

defined and mentioned earlier in Section 4.3. 
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Figure 5.7  A graphical representation of requirements ontology 
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5.2.5 Ontology Matcher (OM) 

 

 The ontology matcher (OM) makes use of ontology matching technique 

for automatically generating traceability relationships between two requirements 

ontologies. It takes two requirements ontologies and produces correspondences (i.e., 

equivalence (=), more general (⊇), less general (⊆), mismatch (⊥) and overlapping 

(∩)) between the concepts of ontologies that semantically correspond to each other. 

When none of the relations holds, the special idk (I don’t know) relation is returned. 

The details of ontology matching techniques used in this work are elaborately 

explained in the previous chapter. 

 

 

5.3 Implementation 
 

 As a prototype of the processes in the MUPRET framework, we have 

developed the MUPRET tool which is a Java-based tool with Prolog and WordNet-

based semantic inference engine. This tool aims to support our framework and to 

demonstrate its feasibility for distributed, collaborative and multiperspective software 

development environment. Table 5.1 illustrates various software tools that we have 

applied in the development of the MUPRET tool. 

 

 MUPRET deploys requirements ontology as a knowledge management 

mechanism to represent multiperspective requirements artifacts in a common way, 

which intervene mutual “understanding” among various software practitioners without 

forcing the users to use the same vocabulary. We use the Stanford Parser in the RA to 

extract lexical semantic representation from requirements artifacts defined or 

expressed in natural language or plain English text by different users. The TreeTagger 

is used in the REG to convert each token into a basic or root form. We also use Prolog 

to construct the rules for extracting requirements elements from requirements artifacts 

in the REG. We utilize Graphviz in order to graphically display ontology concepts and 

their relationships in the BRO and ROC. In the OM, we apply WordNet to compute 

the relations between element matching. The standard DPLL-based SAT solver is also 
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used to check the unsatisfiability of a propositional formula in the OM. Each of these 

software tools is described in the following sections. 

 

Table 5.1  Lists of software tools used in our MUPRET tool 
 

Module name Software tools 

Requirements analyzer (RA) Stanford Parser 1.6 [164] 

Requirements elements generator 

(REG) 

TreeTagger [167, 168] 

Prolog 5.6.30 [159] 

Base requirements ontology (BRO) 

Requirements ontology constructor 

(ROC) 

Graphviz 2.21 [154, 155] 

Ontology matcher (OM) WordNet 2.1 [78, 79] 

WordNet-Similarity-1.04 [160] 

WordNet-QueryData-1.45 [161] 

Text-Similarity-0.02 [162] 

SAT4J 1.6.01 [163] 

 

5.3.1 Stanford Parser 

 

 The Stanford Parser [164] is a natural language parser. Its development 

was one of the biggest breakthroughs in the NLP in the 1990s. The Stanford Parser is 

based on a statistically induced phrase structure grammar and a dependency grammar 

for English, German, Chinese and Arabic. It is a Java implementation or a program 

that works out the grammatical structure of sentences, for instance, which words are 

the subject or object of a verb. The Stanford Parser uses knowledge of language 

gained from hand-parsed sentences to try to produce the most likely analysis of new 

sentences. The parser provides Stanford dependencies as the output. The typed 

dependencies are otherwise known grammatical relations detailed in [165]. 
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5.3.2 TreeTagger 

 

 The TreeTagger [167, 168] is a tool for annotating text with part-of-speech 

(POS) described in Appendix A and lemma information. It has been developed by 

Helmut Schmid in the TC project at the Institute for Computational Linguistics of the 

University of Stuttgart. The TreeTagger has been successfully used to tag English, 

German, French, Italian, Dutch, Spanish, Bulgarian, Russian, Greek, Portuguese, 

Chinese and old French texts. It is also adaptable to other languages if a lexicon and a 

manually tagged training corpus are available. For example, the TreeTagger tool 

converts the statement “A patient is admitted by a doctor who is working in a 

particular clinic.” to generate the POS and the lemma information of each word as 

listed in Table 5.2. 

 

Table 5.2  The output of lemmatization process generated by the TreeTagger tool 
 

Word POS Lemma 

A DT a 

patient NN patient 

is VBZ be 

admitted VVN admit 

by IN by 

a DT a 

doctor NN doctor 

who WP who 

is VBZ be 

working VVG work 

in IN in 

a DT a 

particular JJ particular 

clinic NN clinic 

. SENT . 
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5.3.3 Prolog 

 

 SWI-Prolog [159] is an open source implementation of the programming 

language Prolog, commonly used for teaching and semantic web applications. It has a 

rich set of features, libraries for constraint logic programming, multithreading, unit 

testing, GUI, interfacing to Java, ODBC and others, literate programming, a web 

server, SGML, RDF, RDFS, developer tools (including an IDE with a GUI debugger 

and GUI profiler) and extensive documentation. 

 

 SWI-Prolog runs on Unix, Windows and Macintosh platforms. SWI-

Prolog has been under continuous development since 1987. Its main author is Jan 

Wielemaker. The name SWI is derived from Sociaal-Wetenschappelijke Informatica 

(Social Science Informatics), the former name of the group at the University of 

Amsterdam, where Wielemaker is employed. 

 

 SWI-Prolog offers a comprehensive free software Prolog environment, 

licensed under the Lesser GNU Public License. Its graphics toolkit XPCE has been 

driven by the needs for real world applications. Recently, SWI-Prolog is widely used 

in research and education as well as for commercial applications. 

 

 The procedure in applying the rules in our reasoning mechanism is to 

backtrack as we implement the rules in the Prolog. The backtracking allows the 

program to do a depth-first search for the valid reason and skip a large portion of 

search space when it cannot lead to the valid reason. There are two levels of rule 

modification. The expert level changes the structure of the program. If the sequence of 

the rules is changed, it will effect the results. So, it requires an extensive knowledge in 

Prolog which should be done by the rule developers. The user level, which concerns 

only adding or deleting the special verbs, can be done by any users by choosing the 

Repository menu in the MUPRET tool. 

 

 

 

Copyright by Mahidol University

http://www.swi-prolog.org/packages/xpce/


Fac. of Grad. Studies, Mahidol Univ.  Ph.D.(Computer Science) / 65 

5.3.4 Graphviz 

 

 Graph Visualization Software (Graphviz) [154, 155] is a package of open 

source tools initiated by AT&T research labs for drawing graphs specified in the DOT 

language scripts. It also provides libraries for software applications to use the tools. 

Graphviz is free software licensed under the common public license. 

 

 Graphviz is a collection of software for viewing and manipulating abstract 

graphs. It provides graph visualization for tools and Web sites in various domains such 

as software engineering, networking, databases, knowledge representation and bio-

informatics. Hundreds of thousands of copies have been distributed under an open 

source license. 

 

 Graphviz has many useful features for concrete diagrams, such as options 

for colors, fonts, tabular node layouts, line styles, hyperlinks and custom shapes. In 

practice, graphs are usually generated from an external data source, but they can also 

be created and edited manually, either as raw text files or within a graphical editor. 

Graphviz is not intended to be a Visio replacement, so it is probably frustrating to try 

to use it that way. 

 

 The Graphviz layout programs take the descriptions of graphs in a simple 

text language and make the diagrams in several useful formats such as images and 

SVG for Web pages, Postscript for inclusion in PDF or other documents; or display in 

an interactive graph browser. Graphviz also supports Graph eXchange Language 

(GXL), an XML dialect, which is designed to be a standard exchange format for 

graphs. 

 

 dot accepts the input in the DOT language. This language describes three 

kinds of objects: graphs, nodes and edges. In our work, we apply odiamond, odot, 

dot, onormal, crow, obox, box, dotted and normal in the DOT language to 

graphically display aggregation (partOf), attribute (attributeOf), property (propertyOf), 

generalization/specialization (isA), actor (actorOf), input (inputOf), output (outputOf), 
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equivalence (sameAs) and association (associatedWith) relationships respectively. In 

view of that, a base ontology mentioned earlier in Figure 4.4 can be represented in the 

DOT language demonstrated in Figure 5.8. For example, functional requirement is a 

requirement artifact; data is a part of data specification and so on. We also apply the 

DOT language to graphically display the requirements ontology. 

 
graph G 

{ 

 node [shape=none]; 

 

 "requirement artifact" -- "functional requirement" 

[arrowtail=onormal]; 

 "requirement artifact" -- "non-functional requirement" 

[arrowtail=onormal]; 

 "functional requirement" -- "data specification" 

[arrowtail=onormal]; 

 "functional requirement" -- "process specification" 

[arrowtail=onormal]; 

 "functional requirement" -- "control specification" 

[arrowtail=onormal]; 

 "data specification" -- "data" [arrowtail=odiamond]; 

 "data specification" -- "data relation" [arrowtail=odiamond]; 

 "process specification" -- "function" [arrowtail=odiamond]; 

 "data" -- "object" [arrowtail=onormal]; 

 "data relation" -- "relationship" [arrowtail=onormal]; 

 "function" -- "process" [arrowtail=onormal]; 

} 

 

Figure 5.8  Drawing a base ontology with dot 

 

5.3.5 WordNet 

 

 WordNet [78, 79] is a lexical database for the English language. It groups 

English words into sets of synonyms called synsets, provides short general definitions 

and records the various semantic relations between these synonym sets. The purpose is 

twofold: to produce a combination of dictionary and thesaurus that is more intuitively 

usable and to support automatic text analysis and artificial intelligence applications. 

The database and software tools have been released under a license and can be 
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downloaded and used freely. The database can also be browsed online. WordNet was 

created and is being maintained at the Cognitive Science Laboratory of Princeton 

University under the direction of psychology professor George A. Miller. 

Development began in 1985. Over the years, the project received funding from 

government agencies interested in machine translation. 

 

 WordNet contains synsets or senses and the structures containing sets of 

terms with synonymous meanings. Each synset has a gloss that defines the concept 

that it represents. For example, the words night, nighttime and dark constitute a single 

synset that has the following gloss: the time after sunset and before sunrise while it is 

dark outside. Synsets are connected to one another through explicit semantic relations. 

Some of these relations (hypernymy and hyponymy for nouns and hypernymy and 

troponymy for verbs) constitute kind-of and part-of (holonymy and meronymy for 

nouns) hierarchies. For example, tree is a kind of plant, tree is hyponym of plant and 

plant is hypernym of tree. Analogously from trunk is a part of tree we have that trunk 

is meronym of tree and tree is holonym of trunk. 

 

5.3.6 SAT4J 

 

 Satisfiability is the problem of determining if the variables of a given 

Boolean formula can be assigned in such a way as to make the formula evaluate to 

TRUE. Equally important is to determine whether no such assignments exist, which 

would imply that the function expressed by the formula is identically FALSE for all 

possible variable assignments. In the latter case, we would say that the function is 

unsatisfiable; otherwise it is satisfiable. To emphasize the binary nature of this 

problem, it is frequently referred to as Boolean or propositional satisfiability. The 

shorthand “SAT” [163] is also commonly used to denote it with the implicit 

understanding that the function and its variables are all binary-valued. 

 

 In the complexity theory, the Boolean satisfiability problem (SAT) is a 

decision problem, whose instance is a Boolean expression written using only AND, 

OR, NOT, variables and parentheses. The question is: given the expression, is there 
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some assignment of TRUE and FALSE values to the variables that will make the 

entire expression true? A formula of propositional logic is said to be satisfiable if the 

logical values can be assigned to its variables in a way that makes the formula true. 

The boolean satisfiability problem is NP-complete. The propositional satisfiability 

problem (PSAT), which decides whether a given propositional formula is satisfiable, 

is of central importance in various areas of computer science, including theoretical 

computer science, algorithmics, artificial intelligence, hardware design, electronic 

design automation and verification. 

 

 

5.4 Chapter Summary 
 

 This chapter outlines the MUPRET, an ontology-driven traceability tool, 

resulted from our attempt in resolving the heterogeneity in traceability of 

multiperspective requirements artifacts. The MUPRET tool facilitates the automatic 

extraction and construction of requirements elements of an individual software 

practitioner into a so-called requirements ontology. As a result, multiperspective 

requirements artifacts of different software practitioners are captured in a common 

taxonomy imposed by the sharing base of requirements ontology. The tool then 

automatically generates traceability links by matching requirements ontologies. The 

architecture of the MUPRET tool and the details of various software tools used in the 

development of the MUPRET tool are also presented in this chapter. 

 

 Chapter VI will demonstrate how to use the MUPRET tool, together with 

an illustrative example of its applications. The multiperspective requirements artifacts 

used as a case study to evaluate the use of the MUPRET tool as a proof-of-concept are 

also described in the next chapter. 
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CHAPTER VI 

AN ILLUSTRATIVE EXAMPLE:  

MULTIPERSPECTIVE REQUIREMENTS TRACEABILITY 

 

 
 This chapter presents the use of the MUPRET tool by applying it to 

multiperspective requirements artifacts demonstrated in Section 6.1. To illustrate and 

evaluate our approach, we illustrate a case study based on the multiperspective 

problems of a hospital information system detailed in Section 6.2. The purpose of this 

case study is not to give a solution to the problem, but to show the feasibility and 

applicability of our approach and to provide the basis for an evaluation. Section 6.3 

critically evaluates the use of the MUPRET tool. The precision and recall of 

traceability relationships generated by our tool are verified by comparing these 

relationships with a set of traceability relationships manually identified by users as a 

proof-of-concept of this work. 

 

 

6.1 The use of MUPRET Tool 
 

 In this section, we demonstrate how to use the MUPRET tool step by step 

to automatically generate traceability relationships by using the same example as 

mentioned earlier in Section 4.6. These fragmentary DIS and IPRS requirements 

artifacts are shown below: 

 

 Requirements 1: (DIS perspective) 
 

 Each patient has a unique hospital number (HN) and a name. A patient is 

admitted by a doctor. Nurses and doctors are considered as staffs. A nurse has a name. 

The nurse’s name consists of a first name, an initial and a last name. A doctor is 

identified by an identification number and a name. 
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 Requirements 2: (IPRS perspective) 
 

 Physicians and nurses are staffs. Staffs have an ID, a name and an address. 

A surgeon is a physician. 

 

 To automatically generate traceability relationships by using MUPRET, 

we first choose the Load menu to load two requirements artifacts into MUPRET as 

depicted in Figure 6.1. Second, we choose the Convert menu to parse two requirements 

artifacts. Then, MUPRET comes up with an ontology graph for each requirements 

artifact. For example, the ontology graphs of DIS and IPRS requirements artifacts are 

represented in the FOL or predicate terms as shown in Figures 6.2 and 6.3 

respectively. Similarly, the visualization of DIS and IPRS requirements ontology can 

be depicted in Figures 6.4 and 6.5 respectively. Finally, we choose the Trace menu to 

explore traceability relationships generated by the MUPRET tool. 

 

 

Figure 6.1  The fragmentary DIS and IPRS requirements artifacts in the MUPRET tool 

 

 
 

Figure 6.2  DIS requirements ontology represented in the FOL or predicate terms 
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Figure 6.3  IPRS requirements ontology represented in the FOL or predicate terms 

 

requirement artifact

functional requirement non-functional requirement

data specification process specification control specification

data

data relation

function

object

relationship

process

patient-2

hospital number-3

HN-4

name-5

doctor-8 nurse-10

staff-12

name-15

first name-19 initial-20 last name-21

identification number-24 name-25admit-6

 
 

Figure 6.4  Visualization of DIS requirements ontology 
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requirement artifact

functional requirement non-functional requirement

data specification process specification control specification

datadata relation function

objectrelationship process

staff-1

physician-2 nurse-3 ID-7 name-8 address-9

surgeon-11
 

 

Figure 6.5  Visualization of IPRS requirements ontology 

 

 Using the Figures 6.4 and 6.5, trying to prove that identification number1 

in DIS requirements ontology is less general than ID2 in IPRS requirements ontology, 

requires constructing the following formula. 

 

((staff1 ↔ staff2) ∧ (doctor1 ↔ physician2) ∧ (identification number1 ↔ ID2)) ∧  

(staff1 ∧ doctor1 ∧ identification number1) ∧ ¬(staff2 ∧ physician2 ∧ ID2) 

 

 We use the inheritance rule (RULE 15) to inherit all attributes from super 

concept to sub concepts for generating implicit relationships. Hence, ID2 is also an 

attribute of physician2, nurse2 and surgeon2 concept in IPRS requirements ontology. 

The above formula turns out to be unsatisfiable, and therefore, the less general relation 

holds. It is noticeable that if we test for the more general relation between the same 

pair of concepts, the corresponding formula would be also unsatisfiable. As a result, 

the final relation for the given pair of concepts is the equivalence. 
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 A part of traceability relationships between DIS and IPRS requirements 

artifacts can be expressed in the FOL or predicate terms for machine-readable text as 

shown in Figure 6.6. From the example, overlapTotally(Requirements 1/S2T7, S3T3, 

S6T2/doctor | Requirements 2/S1T1, S3T5/physician) means that doctor of sentence 

2 token 7, sentence 3 token 3 and sentence 6 token 2 in the Requirements 1 (DIS 

requirements artifacts) overlaps totally with physician of sentence 1 token 1 and 

sentence 3 token 5 in the Requirements 2 (IPRS requirements artifacts). 

 

 Equally, an example screen of traceability relationships can be depicted in 

Figure 6.7 for human-readable text and user-friendly. The totally, (superset or subset) 

inclusively and partially overlapped target can be represented with green, red, cyan 

and yellow colors respectively while the grey color means the source of requirements. 

As seen as an example in this figure, doctor in the Requirements 1 (DIS requirements 

artifacts) overlaps totally with physician, overlaps inclusively (superset) with ID, 

name, address and surgeon, overlaps inclusively (subset) with staff as well as overlaps 

partially with nurse in the Requirements 2 (IPRS requirements artifacts). 

 

 
 

Figure 6.6  Part of traceability relationships represented in the FOL or predicate terms  
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Figure 6.7  Visualization of generated traceability relationships for “doctor” element  

in the MUPRET tool 

 

 Let us consider again the example of Figure 6.7, the overlap between 

doctor in the Requirements 1 and physician in the Requirements 2 is total. In the view 

of traceability, if doctor in the Requirements 1 is changed then the modification of 

physician in the Requirements 2 must be needed. On the other hand, if doctor in the 

Requirements 1 is changed then staff in the Requirements 2 may be modified since 

doctor in the Requirements 1 overlaps inclusively (subset) with staff in the 

Requirements 2. Additionally, if doctor in the Requirements 1 is modified then the 

modification of nurse in the Requirements 2 may be needed with respect to overlap 

partially relationship. In contrast, if patient in the Requirements 1 is changed then 

there is no modification needed for physician in the Requirements 2 due to no overlap 

relationship as illustrated in Figure 6.8. 

 

 
 

Figure 6.8  Visualization of generated traceability relationships for “patient” element  

in the MUPRET tool 
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6.2 Multiperspective Requirements Traceability 
 

 Our MUPRET framework addresses a wide range of software engineering 

concerns including distributed, collaborative and multiperspective software 

development environment. While various aspects of the MUPRET framework have 

already been illustrated by fragmentary examples in the previous section, the goal of 

this section is to bring these fragments together in the form of a case study. To 

separate different concerns in the development of large and complex software systems, 

the development can be carried out through multiperspectives. The requirements 

artifacts to the development of a hospital information system are used to demonstrate 

automatic multiperspective requirements traceability for feasibility and applicability in 

our framework. 

 

 In this section, we demonstrate how to use the MUPRET tool to 

automatically generate traceability relationships via three different requirements 

artifacts with respect to three different perspectives. These three requirements artifacts 

describe parts of a hospital information system. More specifically, they describe a 

doctor investigation system (DIS), an in-patient registration system (IPRS) and a 

patient record system (PRS). These requirements artifacts are written in format of 

plain English text. The complete multiperspective requirements artifacts are shown in 

Appendix C. 

 

 To exemplify, we first load DIS and IPRS requirements artifacts into 

MUPRET as depicted in Figure 6.9. Second, we parse these requirements artifacts to 

come up with an ontology graph for each requirements artifact. Visualization of DIS 

and IPRS requirements ontologies are shown in Figures 6.10 and 6.11 respectively. 

Finally, traceability relationships can be generated by the MUPRET tool as illustrated 

in Figures 6.12 and 6.13. 

 

Copyright by Mahidol University



Namfon Assawamekin An Illustrative Example: Multiperspective Requirements Traceability / 76 

 

Figure 6.9  DIS and IPRS requirements artifacts in the MUPRET tool 
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 The following cases exemplify how to match the ontology concepts for 

generating different types of traceability relationships. 

 

Case 1: Equivalence relation (overlapTotally) 

 

 From the example in Figures 6.10 and 6.11, trying to prove that doctor1 in 

DIS requirements ontology is less general than physician2 in IPRS requirements 

ontology, requires constructing the following formula. 

 

((staff1 ↔ staff2) ∧ (doctor1 ↔ physician2)) ∧  

((staff1 ∧ doctor1)) ∧ (¬(ward2 ∧ physician2) ∧ ¬(clinic2 ∧ physician2) ∧  

¬(admission_record2 ∧ physician2) ∧ ¬(hospital2 ∧ physician2) ∧  

¬(department2 ∧ physician2) ∧ ¬(staff2 ∧ physician2)) 

 

 The above formula turns out to be unsatisfiable, and therefore, the less 

general relation holds. It is noticeable that if we test for the more general relation 

between the same pair of concepts, the corresponding formula would be also 

unsatisfiable. As a result, the final relation for the given pair of concepts is the 

equivalence. 

 

Case 2: Subsumption relation (overlapInclusively) 

 

 From the example in Figures 6.10 and 6.11, trying to prove that 

first_name1 of nurse1 in DIS requirements ontology is less general than name2 of staff2 

in IPRS requirements ontology, requires constructing the following formula. 

 

((staff1 ↔ staff2) ∧ (doctor1 ↔ physician2) ∧ (nurse1 ↔ nurse2) ∧  

(first_name1 → name2)) ∧  

((staff1 ∧ doctor1 ∧ first_name1) ∨ (staff1 ∧ nurse1 ∧ first_name1)) ∧  

(¬(ward2 ∧ physician2 ∧ name2) ∧ ¬(clinic2 ∧ physician2 ∧ name2) ∧ 

¬(admission_record2 ∧ physician2 ∧ name2) ∧ ¬(hospital2 ∧ physician2 ∧ name2) ∧  
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¬(department2 ∧ physician2 ∧ name2) ∧ ¬(staff2 ∧ physician2 ∧ name2) ∧  

¬(ward2 ∧ nurse2 ∧ name2) ∧ ¬(staff2 ∧ nurse2 ∧ name2) ∧ ¬(staff2 ∧ name2) ∧  

¬(department2 ∧ department_head2 ∧ name2) ∧  

¬(staff2 ∧ department_head2 ∧ name2)) 

 

 We use the implicit rules (Rule-15) to inherit all attributes from super 

concept to sub concepts for generating implicit relationships. Hence, name2 is also an 

attribute of physician2, nurse2 and department_head2 concept in IPRS requirements 

ontology. The above formula turns out to be unsatisfiable, and therefore, the less 

general relation holds between two concepts. 

 

Case 3: Mismatch relation (noOverlap) 

 

 From the example in Figures 6.10 and 6.11, trying to prove that doctor1 in 

DIS requirements ontology mismatches admit2 in IPRS requirements ontology, does 

not need to construct the propositional formula. Since doctor1 and admit2 have 

different types of concepts based on using a base ontology, the mismatch relation is 

immediately generated for this case. 

 

 Another example in Figures 6.10 and 6.11, trying to prove that first_name1 

of nurse1 concept in DIS requirements ontology mismatches first_name2 of patient2 

concept in IPRS requirements ontology, the idk relation holds between two concepts. 

However, both concepts have different hypernyms of the same synset, called 

homonym. As a result, the final relation for the given pair of concepts is the mismatch 

by doing the post-process of ontology matching for this case. 

 

Case 4: Overlapping relation (overlapPartially) 

 

 From the example in Figures 6.10 and 6.11, trying to prove that doctor1 in 

DIS requirements ontology overlaps partially with nurse2 in IPRS requirements 

ontology, requires constructing the following formula. 
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((staff1 ↔ staff2)) ∧  

(((¬(staff1 ∧ doctor1) ∨ ¬(ward2 ∧ nurse2)) ∧  

(¬(staff1 ∧ doctor1) ∨ (ward2 ∧ nurse2)) ∧ ((staff1 ∧ doctor1) ∨ ¬(ward2 ∧ nurse2))) ∨  

((¬(staff1 ∧ doctor1) ∨ ¬(staff2 ∧ nurse2)) ∧ (¬(staff1 ∧ doctor1) ∨ (staff2 ∧ nurse2)) ∧  

((staff1 ∧ doctor1) ∨ ¬(staff2 ∧ nurse2)))) 

 

 The above formula turns out to be unsatisfiable, and therefore, the 

overlapping relation holds between two concepts. 

 

 

Figure 6.12  Part of traceability relationships represented in the FOL or  

predicate terms 

 

 Figure 6.12 shows part of traceability relationships between DIS and IPRS 

requirements artifacts in the first-order logic (FOL) or predicate terms. From this 

example, overlapTotally(Requirements 1/S1T15/hospital_information_system | 

Requirements 2/S1T23/HIS) means that hospital information system of sentence 1 

token 15 in the Requirements 1 (DIS requirements artifacts) overlaps totally with HIS 

of sentence 1 token 23 in the Requirements 2 (IPRS requirements artifacts). A 

graphical view of traceability relationships equivalent to Figure 6.12 is depicted in 
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Figure 6.13 for human-readable text and user-friendly. As seen in Figure 6.13, doctor 

in the Requirements 1 (DIS requirements artifacts) overlaps totally with physician, 

overlaps inclusively (superset) with identification number, ID, name and address, 

overlaps inclusively (subset) with staff as well as overlaps partially with nurse and 

department head in the Requirements 2 (IPRS requirements artifacts). 

 

 

Figure 6.13  Visualization of generated traceability relationships in the MUPRET tool 

 

 The traceability relationships that can be automatically discovered or 

identified by the MUPRET framework have significant implication to the management 

of requirements changes. Let us consider again the example of Figure 6.13, the overlap 

between doctor in the Requirements 1 and physician in the Requirements 2 is total. In 

the view of traceability, if doctor in the Requirements 1 is changed then the 

modification of physician in the Requirements 2 must be needed. On the other hand, if 

doctor in the Requirements 1 is changed then staff in the Requirements 2 may be 

modified since doctor in the Requirements 1 overlaps inclusively (subset) with staff in 

the Requirements 2. Additionally, if doctor in the Requirements 1 is modified then the 

modification of nurse in the Requirements 2 may be needed with respect to overlap 

partially relationship. In contrast, if doctor in the Requirements 1 is changed then there 
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is no modification needed for patient in the Requirements 2 due to no overlap 

relationship. The fine-grained level of identified traceability relationships provided by 

the MUPRET framework can also help users to see more precisely about parts of 

requirements statements that will be effected by change requests. 

 

 

6.3 Evaluation 
 

 To demonstrate both the feasibility and applicability of our framework to 

multiperspective requirements traceability in real problem domains, the MUPRET will 

be qualitatively evaluated. Since a benchmark dataset containing multiperspective 

requirements artifacts does not exist by the time that our MUPRET is evaluated, 

multiperspective requirements artifacts in two specific problem domains are selected 

for this evaluation. The first domain is a hospital information system consisting of the 

doctor investigation system (DIS), the in-patient registration system (IPRS) and the 

patient record system (PRS) as illustrated in Appendix C. The second domain is a 

university information system consisting of a library information system (LIS) and a 

student enrollment system (SES) as given in Appendix D. As there are many software 

practitioners participating in the distributed, collaborative and multiperspective 

software development environment of both hospital and university information 

systems, the heterogeneity problems regularly arise. For example, vocabularies and 

terminologies used in requirements expression can be varied, habitually depending on 

customer roles, their background knowledge, perspectives and levels of understanding 

on system problems. Therefore, system developers may capture requirements 

expressed by using different vocabularies or terminologies, yet conveying similar 

meaning. Since our work focuses on obtaining traceability relationships by detecting 

requirements overlapping between two requirements artifacts from the same problem 

domain, the evaluation is performed on the following pair-wises: DIS and IPRS, DIS 

and PRS as well as IPRS and PRS for the hospital information system domain and LIS 

and SES for the university information system domain. 
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 The main purpose of this evaluation is to compare traceability 

relationships which are automatically generated by the MUPRET to those traceability 

relationships which are manually identified by users who have substantial experience 

and training in the software development process. We perform a qualitative evaluation 

on MUPRET in terms of precision and recall of traceability relationships generated by 

the MUPRET. The standard definitions of these measures [169] are as follows: 
 

Precisioni = | ST ∩ UTi | / | ST | 

Recalli = | ST ∩ UTi | / | UTi | 

 

where    ST is the set of traceability relationships detected by the system;           

 UTi is the set of traceability relationships identified by the user i; and 

 | X | denotes the cardinality of the set X. 

 

 As shown in Table 6.1, we measure the precision and recall rates broken 

down to different types of traceability relationships consisting of overlapTotally (=), 

overlapInclusively (⊇, ⊆) and overlapPartially (∩). The average of precision rate is 

above 87% and the average of recall rate is 77% for generating overlap totally 

relationships. The low recall rates arise from different points of views of developers. 

Recall that our MUPRET generates the overlap totally relationship if the sets of source 

concept have exactly the same as the sets of target concept. Nevertheless, the 

MUPRET cannot generate that student in the LIS requirements artifacts overlaps 

totally with student in the SES requirements artifacts for this case. In other words, the 

synonym relation between some words cannot be obtained from the WordNet. As a 

result, our MUPRET cannot recognize that instructor in the LIS requirements artifacts 

overlaps totally with professor in the SES requirements artifacts. 
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Table 6.1  Measured precision and recall rates of different types of traceability 

relationships generated by the MUPRET 
 

System Traceability 

relationship 

| ST | | UT | Precision Recall 

DIS & IPRS 

DIS & PRS 

IPRS & PRS 

LIS & SES 

overlapTotally (=) 

overlapTotally (=) 

overlapTotally (=) 

overlapTotally (=) 

24 

26 

12 

6 

24 

36 

17 

5 

0.96 

0.92 

0.92 

0.67 

0.96 

0.67 

0.65 

0.80 

Average    0.87 0.77 

DIS & IPRS 

DIS & PRS 

IPRS & PRS 

LIS & SES 

overlapInclusively (⊇) 

overlapInclusively (⊇) 

overlapInclusively (⊇) 

overlapInclusively (⊇) 

73 

80 

59 

54 

73 

120 

69 

41 

0.90 

0.88 

0.76 

0.63 

0.90 

0.58 

0.65 

0.83 

Average    0.79 0.74 

DIS & IPRS 

DIS & PRS 

IPRS & PRS 

LIS & SES 

overlapInclusively (⊆) 

overlapInclusively (⊆) 

overlapInclusively (⊆) 

overlapInclusively (⊆) 

54 

51 

85 

11 

50 

79 

55 

11 

0.85 

0.94 

0.59 

0.73 

0.92 

0.61 

0.91 

0.73 

Average    0.78 0.79 

DIS & IPRS 

DIS & PRS 

IPRS & PRS 

LIS & SES 

overlapPartially (∩) 

overlapPartially (∩) 

overlapPartially (∩) 

overlapPartially (∩) 

334 

335 

320 

90 

335 

520 

373 

76 

0.90 

0.91 

0.81 

0.58 

0.90 

0.58 

0.69 

0.68 

Average    0.80 0.71 

 

 For overlapInclusively (⊇, ⊆) relationships, the average of precision rate is 

above 78% and the average of recall rate is approximately 77%. Some semantic 

relations are not correctly identified due to the fact that the WordNet that we use to 

identify hypernym or holonym and hyponym or meronym provides some word 

relations that are not specific to our problem domains of hospital information system 
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and university information system. For example, consider the statement “The DIS 

manipulates data about patients, doctors, nurses, diseases and medicines.” in the DIS 

requirements artifacts and the statement “This application manipulates data about 

admissions of patients, rooms, wards, clinics, physicians and nurses.” in the IPRS 

requirements artifacts. These two statements are not analyzed correctly by the 

MUPRET. This is because in the WordNet, the concept application is defined as a 

kind of the concept medicine since the concept application implies the use of medicine 

in such a context. As a result, the MUPRET generates that medicine in the DIS 

requirements artifacts overlaps inclusively (superset) with application in the IPRS 

requirements artifacts. Nonetheless, such classification of the concept application is 

not correct in the context of our case study because the concept application in the 

IPRS requirements artifacts refers to database application rather than the application of 

medicine. It can be seen that this result is incorrect because of the information that we 

derive from the WordNet. 

 

 For overlapPartially (∩) relationships, the average of precision rate is 80% 

and the average of recall rate is approximately 72%. The recall rate is low due to 

different perspectives or perceptions of developers. For example, one developer 

expresses his/her understanding of the system as “Each patient has a unique hospital 

number (HN), a name, a registration date and an identification number (ID) of a staff 

who recorded the patient information.” in the IPRS requirements artifacts while 

another developer states a related requirement as “A patient profile consists of a 

unique hospital number (HN), a first name, a last name, an address, a birthday, a 

marital status, a blood group, a nationality, a religion, an occupation code and a 

privilege type.” in the PRS requirements artifacts. Recall that both source and target 

concepts are overlapInclusively if their designated sets have both concepts in common 

and non-common concepts. Since the MUPRET cannot find that patient is equivalent 

to patient profile for this case, several overlap partially relationships (e.g. hospital 

number and first name) are missed from the final result. 
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Table 6.2  Measured precision and recall rates of traceability relationships generated 

by the MUPRET 
 

System User | ST | | UTi | | ST ∩ UTi | Precision Recall 

DIS & IPRS 

DIS & PRS 

IPRS & PRS 

LIS & SES 

Average 

User-1 

User-1 

User-1 

User-1 

485 

492 

476 

161 

484 

744 

552 

121 

471 

468 

429 

100 

0.97 

0.95 

0.90 

0.62 

0.86 

0.97 

0.63 

0.78 

0.83 

0.80 

DIS & IPRS 

DIS & PRS 

IPRS & PRS 

LIS & SES 

Average 

User-2 

User-2 

User-2 

User-2 

485 

492 

476 

161 

481 

801 

509 

145 

427 

433 

310 

110 

0.88 

0.88 

0.65 

0.68 

0.77 

0.89 

0.54 

0.61 

0.76 

0.70 

DIS & IPRS 

DIS & PRS 

IPRS & PRS 

LIS & SES 

Average 

User-3 

User-3 

User-3 

User-3 

485 

492 

476 

161 

480 

720 

480 

133 

 

408 

438 

362 

105 

0.84 

0.89 

0.76 

0.65 

0.79 

0.85 

0.61 

0.75 

0.79 

0.75 

Overall average     0.81 0.75 

 

 Table 6.2 shows the overall evaluation result. As we can see, most of the 

resulting precision and recall rates in the table provide substantial evidence that the 

traceability relationships automatically generated by the MUPRET framework are 

sound as the average of precision rate is above 80% and the average of recall rate is 

approximately 75%. In other words, most of the traceability relationships can be 

automatically generated by the MUPRET correctly in comparison to the traceability 

relationships identified manually by users. In addition, the automatic process of the 

MUPRET requires much less time and efforts to generate the traceability relationships 

in comparison to those relationships identified by the manual process. These provide 

evidence of the desirability of our framework. 
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 From our observation, the low recall rates in this evaluation are occurred 

when the MUPRET encounters requirements statements written in the grammatical 

patterns that cannot be analyzed by our requirements elements extraction rules as 

defined in Section 4.3.2. For example, “For doctors, the ranks and clinics are 

additionally maintained.” is an example of a statement in the PRS requirements 

artifacts and “An item can be borrowed, reserved or renewed to extend a current 

loan.” is an example of a statement in the LIS requirements artifacts that cannot be 

analyzed correctly. Note that the performance of MUPRET tool depends on the type of 

the input text. If the requirements are expressed as complex textual sentences, it may 

have a significant negative impact on MUPRET performance. 

 

 To produce better results, it should be possible to insert and update 

particular domain knowledge for the extraction and the reasoning process of the 

MUPRET framework. Additionally, it is possible to enhance the MUPRET framework 

with some extra extraction rules to cover additional grammatical patterns in different 

writing styles of requirements sentences. 

 

 

6.4 Chapter Summary 
 

 This chapter outlines how to use the MUPRET tool step-by-step for 

tracing multiperspective requirements artifacts, together with an illustrative example 

of its applications. We illustrate and evaluate the feasibility and applicability of our 

approach through the development of case study in the domain of hospital information 

system and university information system. The applications of this case study 

exemplify the deployment of distributed, collaborative and multiperspective software 

development environment and the need for tool support for software development in 

general. From the experiments, the average of precision and recall rates of traceability 

relationships generated by the MUPRET tool verified by comparing with a set of 

traceability relationships manually identified by users are sound. This proves that our 

ontology-based approach offers a well-established solution for automatic 

multiperspective requirements traceability. 
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CHAPTER VII 

CONCLUSIONS 

 

 
 This chapter concludes the thesis with a summary of the present study and 

the discussion of our contributions in Section 7.1, followed by suggestions for future 

research in Section 7.2. 

 

 

7.1 Research Summary 
 

 In this research, we point out the heterogeneity problems found in 

multiperspective requirements artifacts defined or expressed by diverse software 

practitioners. These problems may arise when multiperspective requirements artifacts 

are expressed by using different terminologies representing the same concept 

(synonyms) and by using the same term representing different concepts (homonyms). 

In an attempt to resolve these problems, MUPRET, an ontology-driven traceability 

framework, has been proposed for automatically generating fine-grained traceability 

relationships. In view of that, the major contributions of this research can be 

summarized as follows: 

 

1. Our MUPRET framework merges the NLP techniques, rule-based 

approaches and ontology concepts to automatically generate 

traceability relationships of multiperspective requirements artifacts at 

the fine-grained level, which can be applied to any software 

requirements domain. 

 

2. The MUPRET framework presents a novel use of its base ontology to 

classify requirements types of requirements artifacts. Such a base 

ontology classifies types of requirements elements in terms of 
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ontology concept typing to enhance the ontology matching process of 

the framework. 

 

3. The MUPRET framework contributes in the development of 

requirements ontology as a common representation among various 

software practitioners for knowledge interchange purposes. More 

specifically, the originality of this requirements ontology is that it is 

developed without forcing different software practitioners to use the 

same or global ontology for sharing a common vocabulary but it is 

virtually constructed by logical integration of multiple ontologies. As a 

result, our framework does not restrict the freedom in expressing 

requirements differently. 

 

4. The ontology matching technique in the MUPRET framework uses 

semantic matching techniques to interpret the inputs and to produce 

semantic relations (i.e., equivalence (=), more general (⊇), less general 

(⊆), mismatch (⊥) and overlapping (∩)) instead of using syntactic 

matching techniques to produce similarity measures in [0, 1] range. 

 

5. Lastly, we have developed the MUPRET tool which is the proof-of-

concept of the MUPRET framework for automatic extraction of 

requirements elements from requirements artifacts, automatic 

construction of requirements ontology of each software practitioner 

and automatic generation of traceability relationships. 

 

 This work utilizes the NLP techniques, rule-based approaches and 

ontology concepts to support the automatic generation of traceability relationships at 

fine-grained level between multiperspective requirements artifacts. Our approach 

covers data and process specifications which are functional requirements. We classify 

three kinds of requirements elements including object, relationship and process. We 

also categorize nine kinds of requirements elements relationships consisting of 

aggregation (partOf), attribute (attributeOf), property (propertyOf), 
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generalization/specialization (isA), actor (actorOf), input (inputOf), output (outputOf), 

equivalence (sameAs) and association (associatedWith) relationships. These 

relationships have the semantic meanings used for deriving traceability relationships. 

Our work can automatically generate three kinds of traceability relationships including 

overlap totally, overlap inclusively and overlap partially. For no overlap relation, there 

is no effect on multiperspective requirements artifacts changes. 

 

 Our work makes use of the S-Match approach to match the concepts 

between two requirements ontologies. This approach is based on two key ideas. The 

first is that the correspondences are calculated between elements of ontologies by 

computing the logical relations (e.g., equivalence, subsumption and disjointness) 

instead of computing coefficients rating match quality in the [0, 1] range, as it is the 

case used in many other approaches. The second idea is that the relations are 

determined by analyzing the meaning which is codified in the elements and the 

structures of requirements ontologies. In particular, the labels at nodes written in 

natural language are automatically translated into propositional formulas which 

explicitly codify the labels’ intended meaning. This allows the translation of matching 

problem into a propositional validity problem which can be efficiently resolved using 

sound and complete state of the art propositional satisfiability deciders. 

 

 We evaluate our work by using the measurement in terms of precision and 

recall in three different systems which are parts of a hospital information system and 

two different systems which are parts of a university information system. Overall, the 

average precision rate (i.e. above 80%) and the average of recall rate (i.e. 

approximately 75%) in our experiments are encouraging results. Although the data 

sets used in our work are different from the data sets used in other approaches that 

support the automatic generation of traceability relationships, our precision and recall 

results are comparable to the results achieved in those approaches. In order to increase 

the recall results of our approach, new traceability rules need to be constructed to 

cover additional grammatical patterns in different writing styles of requirements 

sentences and to support the identification of missing traceability relationships. In 

addition, the particular domain knowledge is inserted in order to produce better results. 
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 From our review on requirements traceability approaches and tools in 

Section 2.2, it can be argued that our main contribution clearly addresses the lack of 

effective support for automatic generation of traceability relationships of 

multiperspective requirements artifacts at fine-grained level. More importantly, we 

support a truly multiperspective development environment by allowing software 

practitioners to express their requirements with the freedom of using multiple sets of 

vocabularies. 

 

 From the study of ontology for requirements engineering and software 

development in Section 3.4, we do not force a variety of software practitioners into a 

single ontology or a global ontology for interoperability and traceability purposes. On 

the contrary, our approach supports multiple ontologies for expressing 

multiperspective requirements artifacts of each software practitioner. More exactly, we 

aim to give various software practitioners the freedom to communicate among each 

other based on their own defined requirements ontologies. Additionally, our approach 

provides an automatic construction of multiple ontologies that is applicable to 

represent multiperspective requirements artifacts for any specific domain applications. 

 

 

7.2 Suggestions for Future Research 
 

 Although the current stage of the MUPRET framework emphasizes tracing 

multiperspectives in the requirements analysis phase and focuses on requirements that 

are expressed in terms of natural language or plain English text, it is possible to extend 

the framework to cover multiperspective software artifacts expressed in terms of 

typical analysis models. This can be done by adding semantics of those model 

elements to the base of the MUPRET’s requirements ontology. In addition, we also 

aim at further exploring how to apply our MUPRET framework to support traceability 

throughout a complete software development process. 

 

 For the automatic generation of traceability relationships at a coarse-

grained level, fine-grained traceability relationships that have been derived from our 
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MUPRET framework can be propagated into the requirements artifacts at the coarser 

level. Additionally, we can apply the MUPRET framework into other languages such 

as Thai, French or German requirements. However, several modules in the framework 

have to be modified as they are tightly coupled with the specific language such as 

parser, rules and WordNet. The ontology matcher module itself is neutral to the 

language and can be used without changes. 
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APPENDIX A 

THE PENN TREEBANK POS TAGSET 

 

 
 This appendix presents the Penn Treebank POS tagset [166] as listed 

below. It contains 36 POS tags and 12 other tags for punctuation and currency 

symbols. A detailed description of the guidelines governing the use of the tagset is 

available in [170]. 

 

 1.   CC Coordinating conjunction 

 2.   CD Cardinal number 

 3.   DT Determiner 

 4.   EX Existential there 

 5.   FW Foreign word 

 6.   IN Preposition / subordinating conjunction 

 7.  JJ Adjective 

 8.   JJR Adjective, comparative 

 9.  JJS Adjective, superlative 

 10.  LS List item marker 

 11.  MD Modal 

 12.  NN Noun, singular or mass 

 13.  NNS Noun, plural 

 14.  NNP Proper noun, singular 

 15.  NNPS Proper noun, plural 

 16.  PDT Predeterminer 

 17.  POS Possessive ending 

 18.  PRP Personal pronoun 

 19.  PRP$ Possessive pronoun 

 20.  RB Adverb 

 21.  RBR Adverb, comparative 
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 22. RBS Adverb, superlative 

 23.  RP Particle 

 24.  SYM Symbol (mathematical or scientific) 

 25.  TO to 

 26.  UH Interjection 

 27.  VB Verb, base form 

 28.  VBD Verb, past tense 

 29.  VBG Verb, gerund / present participle 

 30.  VBN Verb, past participle 

 31.  VBP Verb, non-3rd ps. sing. present 

 32.  VBZ Verb, 3rd ps. sing. present 

 33.  WDT wh-determiner 

 34.  WP wh-pronoun 

 35.  WP$ Possessive wh-pronoun 

 36.  WRB wh-adverb 

 37.  # Pound sign 

 38.  $ Dollar sign 

 39.  .  Sentence-final punctuation 

 40. , Comma 

 41.  : Colon, semi-colon 

 42. ( Left bracket character 

 43. ) Right bracket character 

 44.  "  Straight double quote 

 45.  '  Left open single quote 

 46. " Left open double quote 

 47. '  Right close single quote 

 48. "  Right close double quote 
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APPENDIX B 

THE GRAMMATICAL RELATIONS 

 

 
 The purpose of this appendix is to provide the grammatical relations [165] 

output by the Stanford Parser. The grammatical relations are organized in a hierarchy, 

rooted with the most generic relation, dep (dependent). When the relation between a 

head and its dependent can be identified more precisely, the relations further down in 

the hierarchy can be used. For example, the dep (dependent) relation can be 

specialized to aux (auxiliary), arg (argument) or mod (modifier). The arg (argument) 

relation is further divided into the subj (subject) relation and the comp (complement) 

relation and so on. As a result, the whole hierarchy of 48 grammatical relations is 

given as follows: 

 

dep - dependent 

       aux - auxiliary 

  auxpass - passive auxiliary 

  cop - copula 

 conj - conjunct 

 cc - coordination 

 arg - argument 

  subj - subject 

   nsubj - nominal subject 

    nsubjpass - passive nominal subject 

   csubj - clausal subject 

  comp - complement 

   obj - object 

    dobj - direct object 

    iobj - indirect object 

    pobj - object of preposition 
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   attr - attributive 

   ccomp - clausal complement with internal subject 

   xcomp - clausal complement with external subject 

   compl - complementizer 

   mark - marker (word introducing an advcl) 

   rel - relative (word introducing a rcmod) 

   acomp - adjectival complement 

  agent - agent 

 ref - referent 

 expl - expletive (expletive there) 

 mod - modifier 

  advcl - adverbial clause modifier 

  purpcl - purpose clause modifier 

  tmod - temporal modifier 

  rcmod - relative clause modifier 

  amod - adjectival modifier 

  infmod - infinitival modifier 

  partmod - participial modifier 

  num - numeric modifier 

  number - element of compound number 

  appos - appositional modifier 

  nn - noun compound modifier 

  abbrev - abbreviation modifier 

  advmod - adverbial modifier 

   neg - negation modifier 

  poss - possession modifier 

  possessive - possessive modifier (’s) 

  prt - phrasal verb particle 

  det - determiner 

  prep - prepositional modifier 

 sdep - semantic dependent 

  xsubj - controlling subject 
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APPENDIX C 

A HOSPITAL INFORMATION SYSTEM: 

AN ILLUSTRATIVE CASE STUDY 

 

 
 This appendix exemplifies an illustrative case study based on the 

multiperspective problems in the domain of a hospital information system. The 

hospital information system is a large and complex system for software development 

process. In our case study, the hospital information system can be conducted and 

divided into three subsystems: a doctor investigation system (DIS), an in-patient 

registration system (IPRS) and a patient record system (PRS). These requirements 

expressed in natural language or plain English text are overlapping and produced with 

respect to different perspectives of software practitioners. The following requirements 

of three subsystems of hospital information system are also used as the case study for 

database management system course at Mahidol University. 

 

Requirements 1: A Doctor Investigation System (DIS) 

 

 A doctor investigation system (DIS) is a part of a hospital information 

system (HIS). The DIS manipulates data about patients, doctors, nurses, diseases and 

medicines. 

 

 Each patient has a unique hospital number (HN), a first name, a last name 

and privilege types (rights reserved exclusively by a particular person or group e.g., 

government officers, social security group, etc.). Each patient must register on the date 

of first visit and the patient profile will be recorded by an officer. Each patient can 

have multiple privilege types one of which can be chosen as the first priority. Each 

privilege type defines a primary hospital, a secondary hospital, a registration place and 

an expired date. 
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 A nurse can search patient’s information by using a HN, a first name or a 

last name. Before a patient can see a doctor, a nurse needs to record the patient’s 

height, weight, blood pressure and symptoms. Once a doctor has finished investigating 

the patient, the doctor has to write down patient’s diseases. Each disease has a unique 

code (called “ICD-10”), generic name and scientific name. One disease can have 

multiple generic names but only one scientific name. The system shall allow the 

officers to print disease’s information by using a code. The doctor can consult with 

other doctors about this patient. If that is the case, the name of the doctor and the 

names of the consultants have to be maintained. Otherwise, only the name of the 

doctor is kept. A doctor can order medicines and different medicines may have 

different prices. 

 

 A doctor can also make an appointment with a patient. There is more than 

one doctor within a clinic and each doctor can make an appointment with only one 

patient at a specific time. A list of all clinics has to be maintained and clinics are 

subdivisions of departments. Doctors and nurses are staffs. Nurses and doctors have an 

identification number (ID), a first name, a last name and an address. We need to keep 

the clinics for which the doctors are working. 

 

Requirements 2: An In-Patient Registration System (IPRS) 

 

 A database application for an in-patient registration system (IPRS) is 

developed as a part of a hospital information system (HIS). This application 

manipulates data about admissions of patients, rooms, wards, clinics, physicians and 

nurses. 

 

 Each patient has a unique hospital number (HN), a name, a registration 

date and an identification number (ID) of a staff who recorded the patient information. 

The patient’s name consists of an initial, a first name and a surname. A patient is 

admitted by a physician who is working in a particular clinic. To admit a patient, a 

physician needs to make sure that there is an available room within the same clinic as 

the physician. An admission record consists of a unique admission number (AN), an 
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admission date, a room, a ward, a clinic, the HN of the patient who is admitted and the 

ID of the physician who orders this admission. The system shall allow the nurses to 

search for patient’s admissions by using an AN or a HN. During a patient’s admission, 

the physician can order lab tests, x-ray tests and prescriptions. Each order is recorded 

with a reference number, an ordered date and a cost. 

 

 The hospital has many departments each of which has a unique department 

code, a name, a location and a department head. A department may have multiple 

clinics each of which has a unique clinic code, a name and a location. A nurse can 

search clinic’s information by using a clinic code or a name. A clinic may have 

multiple wards each of which is located on a particular floor of a particular building. 

Each ward has many rooms which are classified into regular and VIP. Rooms are 

uniformly distributed to a ward. Each ward has five normal rooms and one VIP room. 

Patients will be charged for 500 Baht per night for a regular room and for 1000 Baht 

per night for a VIP room. 

 

 Each ward has many nurses on duty and one of the nurses is a supervisor 

of that ward. A nurse can work in any wards which belong to the same clinic. Each 

ward has many physicians. Each physician works in a particular clinic. Nurses and 

physicians as well as the department head are considered as staffs each of which has 

an ID, a name and an address. 

 

Requirements 3: A Patient Record System (PRS) 

 

 A patient record system (PRS) is a part of a hospital information system 

(HIS). The PRS system keeps patient profiles and medical records. A patient profile 

consists of a unique hospital number (HN), a first name, a last name, an address, a 

birthday, a marital status, a blood group, a nationality, a religion, an occupation code 

and a privilege type. Each patient must register on the date of first visit and the patient 

profile will be recorded by an officer. Each patient can have multiple privilege types 

one of which can be chosen as the first priority. Each privilege type defines a primary 

hospital, a secondary hospital, a registration place and an expired date. A patient can 
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have multiple contact persons each of which has a first name, a last name, a 

relationship with the patient and an address. At some point, if patients want to change 

their names, they must bring an official document with them to the hospital. An officer 

then records the previous names, the new names and the district that issues an official 

document and the official changed name. 

 

 When a patient visits the hospital, a visit number (VN) will be given by the 

officers. For each visit, the date of visit, the staff who record this visit and the doctor 

who investigates the patient must be maintained. 

 

 Staffs can be doctors, nurses and administrators. Each staff has an ID, a 

first name, a last name and a department. For doctors, the ranks and clinics are 

additionally maintained. Each department has a unique department number, a 

department name, a location and a head of department. Each department comprises 

many clinics each of which also has different locations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Copyright by Mahidol University



Namfon Assawamekin  Appendices / 120 

 

APPENDIX D 

A UNIVERSITY INFORMATION SYSTEM: 

AN ILLUSTRATIVE CASE STUDY 

 

 
 This appendix exemplifies an illustrative case study based on the 

multiperspective problems in the domain of a university information system. The 

university information system is a large and complex system for software development 

process. In our case study, the university information system is divided into two 

subsystems: a library information system (LIS) and a student enrollment system 

(SES). These two requirements artifacts are written in format of plain English text as 

follows. 

 

Requirements 4: A Library Information System (LIS) 

 

 A library issues loan items to users. Each user is known as a member and 

is issued a membership card that defines a unique membership number. Along with the 

membership number, the user must contain a name, an address and a birth date. The 

library is made up of a number of subject sections. Each section is denoted by a 

classification mark. An item is uniquely identified by a bar code. There are two types 

of items: language tapes and books. A language tape has a title language and a level. A 

book has a title and an author. Books are uniquely identified by an International 

Standard Book Number (ISBN) which has 10 digit identifiers. 

 

 There are two types of users: staffs and students. An instructor is a staff. 

Each instructor works in a particular department. Each department consists of a unique 

department code and a name. The library shall allow users to search for an item by 

title, author or ISBN. Staffs may borrow up to 15 items. Students may borrow up to 8 

items. An item can be borrowed, reserved or renewed to extend a current loan. When 

an item is issued, the user’s membership number is scanned via a bar code reader or 
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entered manually. If the membership card is still valid and the number of items on loan 

less than 8, the bar code of book is read either via the bar code reader or entered 

manually. If the item can be issued, the item is stamped and then issued. The library 

must support the facility for an item to be searched and for a daily update of records. 

 

Requirements 5: A Student Enrollment System (SES) 

 

 Tiny College (TC) consists of several schools (e.g., a school of business, a 

school of art and science, a school of education and a school of applied science). Each 

dean can administer only one school. The school of business has an accounting 

department, a management department, an economics department, a finance 

department and an information system department. Each department has a unique 

department code, a name and a location. Each department can offer courses. The 

management department offers courses (e.g., Introduction to management, Principles 

of marketing and Production management). A department can offer several sections or 

classes of the same database course. Each class is taught by a professor at a given time 

in a given place. A course may exist in the course catalogue even when the course is 

not offered as a class in a current class schedule. Each department may have many 

professors assigned to it. One and only one professor chairs the department. Each 

professor may teach up to four classes. Each class is a section of a course. A professor 

may be on a research contract and teach no classes at all.  

 

 The system keeps the students’ first name, last name, address and a unique 

registration number. A student may enroll in several classes but take each class only 

once during any given enrollment period. The student may decide to take five classes 

that consist of statistics, accounting, English, database and history but the student 

would not enroll in the same statistics class five times. Each student may enroll in up 

to six classes. Each class may have up to 35 students. Each department has many 

students. The major of student is offered by that department. Each student has only 

one major. The student is associated with one department. Each student is advised by 

an advisor in his or her department. Each advisor counsels several students. An 

advisor is also a professor but some professors advise students. A class is taught in a 
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room. Each room is located in a building. Some buildings do not contain class rooms. 

A storage building might not contain any named rooms at all. 
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