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Abstract of Praxis

Bridging the Gap: Techniques and Challenges in Digitizing Legacy Requirements

for Software-Intensive Systems

As technology continues to evolve, organizations face the challenge of modernizing
their legacy systems to keep up with the changing business landscape. One critical aspect
of legacy system modernization is the digitization of legacy requirements into models,
which involves transforming traditional textual requirements into digital models that can
be analyzed, visualized, and utilized for system development and maintenance. This
dissertation aims to investigate the techniques and challenges associated with the
digitization of legacy requirements into models, with a focus on software-intensive

systems.

In this context, the digitization of legacy requirements offers a promising avenue
for organizations to bridge the gap between their existing systems and the demands of
contemporary technology. This process involves the conversion of conventional textual
requirements into structured digital models that hold the potential to revolutionize the way
software-intensive systems are conceptualized, developed, and managed. However, this
endeavor comes with its own set of intricate techniques and formidable challenges that

warrant exploration.

This praxis is an investigation into the multifaceted realm of digitizing legacy
requirements into models, concentrating its gaze on software-intensive systems. By delving
into the techniques and methodologies that facilitate this transformation, the study seeks to

unravel the intricate mechanisms that underpin this metamorphosis.
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Chapter 1—Introduction

1.1 Background

The rapid evolution of technology has ushered in a dynamic era where
organizations constantly strive to align their systems with the demands of an ever-changing
business landscape. One of the most pressing challenges faced by enterprises today is the
modernization of legacy systems — those long-standing infrastructures that underpin their
operations. [1-3] These are important assets and core systems that are relied upon. As
industries embrace digital transformation, legacy systems often find themselves grappling
to keep pace with the demands of innovation, scalability, and adaptability. Legacy systems
are frequently associated with technical concerns being difficult to maintain or replace. [4-
6] Organizations would face higher risks attempting to replace a legacy system including
high expenses, development time, and loss of critical function. [7-9] Because of these
reasons, organizations are opting to modernize legacy systems to ensure systems remain

relevant. [10-12]

Amid this backdrop of technological evolution and business transformation, the
digitization of legacy requirements emerges as a pivotal solution. Legacy requirements,
traditionally documented in textual form, encapsulate the operational and functional needs
of organizations as well as the intricate interactions between systems, users, and
stakeholders. The digitization of these requirements involves a paradigm shift, where these

textual artifacts are translated into digital models — structured, visual representations that
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facilitate a more comprehensive understanding of system behavior, interactions, and

architecture.

The importance of this transition lies in the transformative potential it holds.
Digitized requirements bring forth a new era of system development and management,
allowing for enhanced analysis, visualization, and communication. The very act of
digitizing legacy requirements transcends the limitations of static documentation, offering
the promise of improved collaboration, streamlined development, and effective

maintenance.

However, the process of digitization does not come without its complexities and
challenges. As organizations embark on this journey, they encounter issues related to
modeling techniques, data integration, stakeholder engagement, and ensuring the
preservation of domain knowledge embedded within textual requirements. Moreover,
while digitized models offer numerous advantages, they also raise questions about their

validity, usability, and adaptability.

In light of these considerations, this praxis aims to delve into the intricate realm of
legacy requirement digitization, particularly within the context of software-intensive
systems. By examining the techniques employed and the challenges faced in this
transformative endeavor, the study seeks to illuminate the path for organizations seeking

to modernize their legacy systems. By offering insights, methodologies, and strategies, this
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research endeavors to contribute to the growing body of knowledge surrounding legacy
system modernization and digital transformation.
1.2 Research Motivation

The landscape of technology and business is in a constant state of flux, driven by
the inexorable march of innovation. In this era of digital transformation, organizations
grapple with the task of updating their legacy systems to remain competitive, agile, and
adaptable. Legacy systems, while once pillars of stability, now often hinder progress due
to their outdated architectures, lack of scalability, and limited support for emerging

technologies.

One critical facet of legacy system modernization that demands attention is the
transition from traditional textual requirements to digital models. This shift is propelled by
the recognition that digitization has the potential to revolutionize how system requirements
are conceptualized, communicated, and utilized. While the benefits of this transformation
are evident, the landscape is also fraught with intricate challenges that necessitate

meticulous examination.

The motivation behind this research is rooted in the critical gap that exists between
the pressing need for legacy system modernization and the lack of comprehensive
understanding regarding the digitization of legacy requirements into models. As
organizations navigate this transformational journey, they encounter questions related to

the selection of suitable modeling techniques, the integration of diverse data sources, the
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preservation of contextual information within textual requirements, and the assurance of

model validity and reliability.

This research aims to bridge this gap and offer practical insights, methodologies,
and strategies for organizations embarking on the path of legacy requirement digitization.
Driven by the belief that a deeper understanding of the techniques and challenges
associated with this transformation will empower organizations to make informed
decisions, overcome hurdles, and navigate the complexities of modernizing their systems.
Through analysis, systematic investigation, and thoughtful synthesis, this research strives
to contribute to the body of knowledge surrounding legacy system modernization and
digital transformation. By addressing the motivations, techniques, and challenges
associated with the digitization of legacy requirements, this study seeks to equip both
researchers and practitioners with a comprehensive toolkit to shape the future of software-
intensive systems in the era of digitization.

1.4 Problem Statement

The transition from legacy systems to modern technologies is imperative for
businesses to remain competitive. A key aspect of this modernization is the conversion of
textual requirements into digital models. However, this process poses challenges related
to selecting suitable techniques, integrating fragmented data, preserving context, and
ensuring model validity. Despite the significance of this transformation, a lack of
comprehensive guidance exists, hindering effective modernization efforts. This research
addresses the need for a deeper understanding of legacy requirement digitization, offering

insights and strategies for organizations navigating this complex terrain.
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1.4 Thesis Statement

Through an exploration of legacy requirement digitization in the context of

software-intensive systems, this research endeavors to illuminate the intricate techniques,

challenges, and solutions that underlie this transformative process. By delving into the

nuances of selecting modeling techniques, integrating diverse data sources, preserving

contextual information, and ensuring model validity, this study aims to equip organizations

with valuable insights and strategies to navigate the complexities of modernizing their

legacy systems in an era defined by digital transformation.

1.5 Research Objectives

The objectives of this research are:

Identify and analyze existing techniques and approaches for digitizing legacy
requirements into models, including requirements modeling languages, tools,
and frameworks.

Evaluate the benefits and limitations of different digitization techniques in
terms of accuracy, efficiency, and maintainability.

Investigate challenges and barriers in the process of digitizing legacy
requirements into models, such as ambiguity, inconsistency, and complexity of
legacy requirements.

Conduct empirical studies and case studies to validate the proposed techniques
and approaches in real-world legacy system modernization projects.

Provide recommendations and guidelines for practitioners on best practices for
digitizing legacy requirements into models, considering factors such as system

complexity, domain specificity, and organizational context.
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1.6 Research Questions and Hypotheses

These research questions provide a structured framework to explore the techniques,
challenges, and implications of digitizing legacy requirements into models. By addressing
these questions, the research aims to advance the understanding of this critical aspect of

legacy system modernization and provide valuable insights for both academia and industry.

RQ1: What are the existing techniques, methodologies, and tools used for digitizing
legacy requirements into models, and how do they facilitate the modernization of software-

intensive systems?

RQ2: What are the benefits and limitations associated with different digitization
techniques in terms of accuracy, efficiency, and maintainability, and how do these factors

influence their applicability in real-world legacy system modernization?

RQ3: What are the primary challenges and barriers encountered when digitizing
legacy requirements into models, including issues related to ambiguity, inconsistency, and

complexity of legacy requirements?

RQ4: How do the proposed digitization techniques and approaches perform in real-

world legacy system modernization projects, as validated through empirical studies and

case studies, and what insights can be gained from these practical applications?
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RQ5: What are the most effective recommendations and guidelines for practitioners
seeking to digitize legacy requirements into models, considering factors such as system
complexity, domain specificity, and organizational context, and how can these
recommendations enhance the success of modernization efforts?
1.7 Scope of Research

This research focuses on the digitization of legacy requirements into models within
the context of software-intensive systems modernization. The study aims to investigate the
techniques, challenges, and solutions associated with this transformational process.
Specifically, the research will identify and analyze existing techniques, methodologies, and
tools employed for digitizing legacy requirements. It will evaluate the benefits and
limitations of various digitization techniques, considering accuracy, efficiency, and
maintainability in real-world modernization projects. The study will also delve into
challenges and barriers faced during the digitization process, including issues related to

ambiguity, inconsistency, and complexity of legacy requirements.

Empirical studies and case studies will be conducted to validate the proposed
techniques and approaches within practical legacy system modernization projects. The
research will culminate in the formulation of actionable recommendations and guidelines
for practitioners, offering best practices for digitizing legacy requirements into models. The
scope encompasses both the theoretical exploration of techniques and the empirical

validation of their effectiveness in real-world scenarios.
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It is important to note that this research focuses solely on the digitization of legacy
requirements and their transformation into digital models. The study does not address
broader aspects of legacy system modernization, such as architectural changes, data
migration, or software implementation. The scope is limited to the identification, analysis,
evaluation, investigation, and recommendation of techniques and challenges pertaining to
the digitization of legacy requirements, within the domain of software-intensive systems
modernization.

1.8 Research Limitations
1. Scope Limitation:

The research is focused solely on the digitization of legacy requirements into
models within the context of software-intensive systems modernization. It does not address
other aspects of legacy system modernization, such as architectural changes, data

migration, or software implementation.

2. Generalizability:
The findings and recommendations may be influenced by the specific software-
intensive systems and modernization projects chosen for empirical studies and case studies.

Therefore, the generalizability of the results to different contexts might be limited.

3. Availability of Data:
The success of empirical studies and case studies relies on the availability of
accurate and comprehensive data from real-world modernization projects. Limited access

to such data could impact the depth of analysis and validation.
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4. Rapidly Evolving Landscape:

The field of technology is rapidly evolving, and tools, frameworks, and techniques
related to requirement digitization may have advanced since the time of the research. The
relevance and applicability of the findings might be influenced by technological

developments.

5. Time and Resource Constraints:
The extent of investigation and the depth of empirical studies might be constrained
by time and resource limitations. This could impact the comprehensiveness of the analysis

and the ability to address all potential variations.

6. Practical Implementability:
While the study aims to provide recommendations and guidelines, the successful
implementation of these guidelines in real-world scenarios might be influenced by

organizational culture, resource availability, and other contextual factors.

7. Subjective Interpretation:
Analysis of challenges and benefits might involve subjective interpretation,
potentially introducing bias. Efforts will be made to minimize bias through rigorous

methodology, but a degree of subjectivity might persist.

8. Changing Organizational Dynamics:

18



The effectiveness of the proposed techniques and recommendations could be
influenced by changing organizational dynamics, leadership, and project priorities, which

are external to the research scope.

9. Ethical and Legal Considerations:
The empirical studies and case studies may need to consider ethical and legal

considerations related to data privacy, confidentiality, and permissions.

10. Limited Stakeholder Perspective:

The research might primarily consider the perspectives of practitioners and
technical experts, potentially missing out on other stakeholder viewpoints that could
influence the digitization process.

1.9 Organization of Praxis

The paper is structured to provide a comprehensive exploration of the digitization
of legacy requirements into models within the realm of software-intensive systems
modernization. Chapter two delves into the literature review, where existing techniques,
methodologies, and tools for digitization are critically examined. This chapter lays the
foundation by illuminating the current landscape, shedding light on both established
practices and gaps within the field. Chapter three outlines the standards and methodologies
discovered and compares them to illuminate gaps. Chapter four unveils the results obtained
from the research and identifies inadequacies in the current available methods. In Chapter
five, the discussion and conclusion chapter, offers an analysis of the findings in light of the

research objectives. It synthesizes the insights garnered, discusses their implications, and
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provides actionable recommendations and guidelines for practitioners. This chapter offers
a comprehensive reflection on the significance of the study's contributions to the field,

while also acknowledging limitations and suggesting avenues for future research.
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Chapter 2—L iterature Review

2.1 Introduction

This chapter embarks on a comprehensive journey into the existing body of
knowledge, looking at the techniques and tools that have been employed to facilitate
requirements transformation. The review of the literature not only offers a panoramic view
of the practices that have shaped the field but also identifies gaps and opportunities for
further exploration that will be delineated in the following chapter. By delving into the
research, this chapter lays the groundwork for the subsequent exploration of challenges,
benefits, and empirical validations, serving as a guidepost for understanding the intricacies
of legacy requirement digitization within the context of software-intensive systems
modernization.
2.2 Historical Context and Evolution

Ensuring a system's success begins with a crucial step: recording, clarifying,
verifying, and agreeing upon its requirements. These requirements, originating from the
need for contractual assurance and top-notch product delivery, serve as the blueprint for a
system's purpose. They span various categories: functional requirements define the
system's necessary actions, non-functional ones outline technical limitations like
performance and reliability, while business requirements encompass cost, scheduling,
quality, and policy considerations. Additionally, discipline requirements center on
mandated standards, whether internally or externally imposed. Crafting and refining these
diverse requirements can be achieved through multiple methods, although this research

doesn't delve into them specifically. Various guides emphasize best practices in
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requirement writing, highlighting standard procedures. However, once formulated, these
requirements typically exist as static text, archived either on paper or digitally. As

technology advances, the static nature of requirement documentation poses challenges.

There's a growing need to digitize these requirements for enhanced accessibility,
collaboration, and adaptability. Digitization enables real-time updates, fostering a dynamic
environment where changes can be tracked, managed, and communicated efficiently across
teams, regardless of geographical boundaries. Digitization is not limited to the conversion
of a physical paper document to an electronic copy however. Digitization includes the
combination of information sources so that they can be collaboratively utilized. By
embracing digital platforms or dedicated requirement management systems, organizations
can transcend the limitations of static text. An example of one such platform would be the
Cameo Enterprise Architecture tool by Dassault Systems. These types of systems offer
features like version control, traceability, and integration with development tools,
streamlining the entire lifecycle of requirements from conception to implementation.
Moreover, they facilitate collaboration among stakeholders, ensuring everyone remains

aligned with evolving project needs.

The shift towards requirement digitization isn't solely about convenience; it's about
agility and responsiveness. It allows for agile methodologies where requirements can be
iteratively refined based on ongoing feedback, adapting swiftly to changing business
landscapes or user needs. Additionally, analytics and reporting capabilities inherent in

digital systems provide valuable insights into requirement patterns, aiding in informed
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decision-making throughout the project lifecycle. Ultimately, requirement digitization isn't
just a technological shift—it's a strategic move toward efficiency, flexibility, and improved
project outcomes.
2.3 Techniques and Approaches for Requirement Digitization

Approaches to digitizing requirements can be viewed through three escalating
levels of sophistication. Initially, there's the straightforward method of manually
transcribing traditional written requirements into a computer-based text editor, like
Microsoft Word or Excel, where they exist as static digital files. However, it's improbable
that the requirements aren't already stored in this manner. Another avenue involves
scanning and utilizing Optical Character Recognition (OCR) technology, preserving the

original content while enabling searchability and indexing.

Moving further, a more sophisticated level entails leveraging markup languages
such as XML to convert static documents into a structured format. This transformation
maintains the document's hierarchy and organization, easing integration with modern
systems. The majority of research has been focused at this level of sophistication. At the
apex of sophistication lies the utilization of software tools driven by artificial intelligence
(Al) or machine learning (ML) algorithms. These tools automatically extract pertinent data
from documents, significantly expediting the process. Furthermore, these algorithms can
generate related elements based on ingested requirements, such as associations and

necessary devices to fulfill those requirements.
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Each method carries its own merits and constraints, often contingent on factors like
the volume of requirements, budget, time constraints, and the requisite accuracy during the
digitization process. A holistic and precise digitization of legacy requirements might
necessitate the amalgamation of multiple techniques.

2.4 Established Standards

The Architecture Driven Modernization (ADM) standard, established by the Object
Management Group (OMG), provides guidelines for migrating legacy systems to new
technologies. OMG is an international consortium founded in 1989 that focuses on creating
and maintaining computer industry specifications for interoperable enterprise applications.
Their primary goal is to develop and standardize specifications for software and systems
that support interoperability and portability across different platforms and technologies.
[13] ADM establishes three standard meta-models to extract information from legacy
systems. These are, Abstract Syntax Tree Meta-Model (AST) [14], Knowledge Discovery

Meta-Model (KDM) [15] and Software Metrics Meta-Model (SMMM) [16].

The AST represents the structure and syntax of programming languages or other
formal languages in an abstract way. It is a hierarchical tree-like data structure that captures
the grammatical structure of code or expressions without the details of formatting or
specific syntax used in a given implementation. Abstract syntax trees are hierarchical
representations of the syntactic structure of code or other structured data, where each node
in the tree corresponds to a syntactic element of the code (such as expressions, statements,
or declarations), and the relationships between nodes represent the syntactic relationships

between these elements. AST typically defines node types, properties, relationships,
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constraints, and semantics. AST meta-models are used in various software engineering
tasks, such as compiler construction, program analysis, code transformation, refactoring,
and language processing tools. AST is not directly used to handle requirements, but is
focused on code representation. It indirectly influences requirements engineering when
translating high-level requirements into technical specifications or when implementing

systems based on the requirements. [14]

The Knowledge Discovery Meta-Model standard provides a common
representation for knowledge related assets within software systems, and focuses on
capturing and describing the knowledge embedded in software systems, including source
code, architecture, design, business rules, data models, and more. It is meant to be used as
a generic and language-agnostic method to represent artifacts and their relationships. The
KDM does not directly handle requirements, but does play a role and capturing and
representing information that can indirectly relate to requirements. KDM primarily focuses
on providing a standardized framework for representing and exchanging knowledge
discovery metadata, particularly in the context of data mining and machine learning
processes. It is used to capture information related to data sources, preprocessing steps,
mining algorithms, evaluation metrics, and discovered patterns. While KDM may
indirectly touch upon aspects related to requirements, such as data sources and objectives
for knowledge discovery tasks, it is not tailored specifically for requirements management
or analysis. KDM can facilitate traceability between software artifacts and requirements by
establishing links between different elements in the software and the corresponding

requirements they fulfill or implement. The standardization provided by KDM assists
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requirements indirectly with impact analysis, requirement management tools, and

relationship frameworks. [15]

The Software Metrics Meta-Model (SMMM) is a framework used in software
engineering to define and organize various software metrics. It provides a structured
approach to categorize and understand different types of metrics that are relevant to
software development processes. The SMMM typically includes categories such as product
metrics (related to the characteristics of the software product itself), process metrics
(related to the activities and processes involved in software development), and project
metrics (related to the management and execution of software projects). By utilizing the
SMMM, software developers and project managers can effectively measure and analyze
different aspects of software development to improve quality, productivity, and efficiency.
While SMMM may include metrics that indirectly relate to requirements, such as metrics
for code quality, software complexity, and defect density, it is not primarily focused on
requirements management or analysis. This model does not directly relate to requirements

transformation, but could yield relevant information

ADM focuses on modernizing legacy systems by leveraging architectural models,
transformations, and standardized approaches, and acknowledges the critical role of
requirements in the modernization process. ADM recognizes the importance of
understanding, capturing, and aligning legacy system requirements with modernization
goals and emphasizes the following aspects: requirement understanding, traceability,

elicitation and analysis, architectural alignment, and transformation impact. While ADM
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stresses the importance of these aspects, it provides little support for implementation by

way of recommended tooling. [13]

OMG is of course also the originator of several well known and adhered to
modeling standards such as, Unified Modeling Language (UML), Systems Modeling
Language (SysML), and Requirements Interchange Format (ReqlF). UML and SysML can
be used to model requirements, system architecture, behavior, and other aspects of software
systems. These two standards do not specifically address the transformation of legacy
requirements however they can be used to model requirements. ReqlF is a standard used
for exchanging requirements between different tools and environments providing a
standardized XML-based format for representing requirements, including attributes,
hierarchies, and relationships. This standard should be observed to enable future

transformations of requirements.

There is not a specific established standard solely dedicated to managing legacy
requirements. However, several general standards and best practice in requirements
engineering can be applied when dealing with legacy requirements. While not specific to
legacy requirements, IEEE 830 Software Requirements Specification provides guidelines
for documenting software requirements. It can be used to document and manage
requirements for both new and existing systems. ISO/IEC/IEEE 29148, Systems and
Software Engineering provides a comprehensive overview of requirements engineering
processes, including elicitation, analysis, specification, validation, and management. It can

be applied to both new and legacy systems. IEEE Standard 1233, Guide for Developing
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System Requirements Specifications offers guidance on developing system requirements
specifications, which can be useful when documenting requirements for legacy systems.
While not formal standards, best practices in requirements engineering, such as
requirements traceability, version control, and change management, can be applied to
manage legacy requirements effectively.
2.5 From Code to Model

Methods have been developed in line with the standards mentioned above to
convert code of various languages into model diagrams. A study focused on Reverse
Engineering (RE) utilizes a method named Model Driven Reverse Engineering (MDRE)
to generate model-based views of legacy systems using multiple frameworks. The main
framework proposed, Source to Model Framework (Src2MoF) generates Unified Modeling

Language (UML) structural and behavioral diagrams from the Java source code. [17]

Previous research developed the transformation language Grammar to Model
Language (Gra2MoL). Gra2MoL provides a way to define transformations between
different models represented in various modeling languages. Gra2MoL is focused on
extraction of a KDM from general purpose languages (GPLs), but the study lacks a
practical evaluation of the language. The study guides a researcher to define Text to Model

(T2M) transformations. [18]

Another study created the tool, Model Discovery (MoDisco). MoDisco is a versatile
and adaptable Eclipse plug-in designed for Model-Driven Reverse Engineering (MDRE),

focusing on model discovery and comprehension. The primary goal of MoDisco is to
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support the discovery, extraction, and analysis of models from existing software artifacts
to create higher-level models. The MoDisco tool exclusively handles structural
components and lacks support for behavioral elements derived from source artifacts.
However, it does offer support for Java, JSP, and XML meta-models, resulting in generated
artifacts that are not UML models. MoDisco can assist in tracing software artifacts back to
their requirements, or analyzing impacts. Requirement management is not an inherent

feature in MoDisco, but the extracted information can support supplementarily. [19]

Model-Driven Software Modernization Language and Tools (MOLA) is a research
project and framework whose specific contributors depend on the implementation of the
framework. It is a language and toolset designed to facilitate model-driven reverse
engineering and modernization of legacy software systems, providing a set of tools and
components that enable developers to analyze, understand, and transform legacy systems
using models. MOLA is designed to integrate with existing development tools and
environments, making it easier for developers to incorporate model-driven techniques into
their existing workflows. This includes integration with IDESs, version control systems, and
other tools commonly used in software development. However, like MoDisco and others,
MOLA is not equipped to address legacy requirement management. [47]

2.6 Reverse Engineering

Reverse Engineering (RE) is the process of extracting knowledge from an already
built item, or a legacy item. To conduct RE the analysis starts at the behavior of the system,
then moves to code, design, and finally the specifications and requirements. [40] The RE

approach described in [20, 21] focus on system understanding and requirements extraction,
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where the understanding of the systems stem from the architecture including system
functions, data, and constraints. RE methods are commonly referred to as the only method
to extract old requirements from legacy systems. [20, 22] Requirements can then be

extracted consisting of business rules, logic, and data before being documented. [20, 23]

The important sources of requirements are customers, users, domain specialists and
market analysts. The main steps of software requirements are elicitation, examination,
specification and justification. [36] When related to software requirement engineering
requirement engineering is not a single step process. Requirement elicitation, analysis,
specification, validation and management are five major steps of requirement engineering
process. [37] In elicitation, requirements are collected from different stakeholders for
building the new system. [38] In analysis, requirements are corrected by removing conflicts
from them. In specification, requirements are documented. In the validation phase,
requirements are validated by the customer. And in management phase, the changes in
requirements are managed. [39] Combining requirement engineering steps listed above
with the RE flow listed above is suggested as the best method for developing legacy

requirements. [36]

In a similar study and case study [41] requirements were shown to be recovered
using a semiotic approach studying the legacy system’s behavior. The study also used the
behavior of the system as the initial analysis point to recover requirements. The research
project known as Analysing and modeling the Behaviour of Legacy Systems (AMBOLS)

aimed to develop an approach for recovering requirements, starting with a focus on
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behavior and utilizing a semantic process model. The model, depicted in Figure 2-1 [42,
43], outlines the entire process, which is structured into three stages. The initial stage,
referred to as behavior capture, involves examining the external behavior of the system and
its interaction with the environment. This analysis, including considerations of context,
semantics [44], and observations of human-machine interaction, results in semantic process
models that illustrate system functions and their connection to business operations. The
second stage, dynamic behavior modeling, incorporates business rules into sequences of
system operations that reflect processes within the business domain. This phase also
integrates specifics such as data elements and screen displays into the dynamic model,
effectively representing the system's behavior. The final stage involves requirements

derivation, wherein these requirements are translated into formal documentation. [43]
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Figure 2-1. The AMBOLS Approach. [43]

The Diamond Process Model (DPM) enables development of MBSE artifacts for a
legacy product starts with employing RE to discover the requirement sets. The initial phase

within the DPM involves 'legacy product specification’, aiming to identify the fundamental
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requirements driving the design of legacy products. This phase primarily relies on
leveraging available data sources like project teams, Product Lifecycle Management
(PLM) databases, and attributes of the existing product to extract the requirements
underpinning the legacy product design. The fundamental belief behind this stage is that
both legacy and new systems are crafted by collaborative teams. PLM databases housing
details about legacy product designs, including team contributions, serve as valuable
repositories of such information. As a result, the fundamental requirement sets can be
unearthed using machine learning techniques by amalgamating data from PLM databases,
team structures, and characteristics of legacy products. This entire process of uncovering
requirements is commonly referred to as the Reverse Engineering process and can be seen

below as figure 2-2. [24]
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Figure 2-2. Data-Driven Reverse Engineering Process. [24]

Producers of the DPM focus on understanding how team interaction maps to the
legacy product characteristics before moving on to utilizing regression methods to estimate

the unknown requirements based on legacy product characteristics and team interactions.
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This process is based on the assumption that no legacy requirement, or lacking
requirements exist, and they need to be created or adapted. The research with DPM does
not expand on requirement ingestion. [24]

2.7 Digitization or Digitalization?

Surprisingly, while there are several articles discussing digital transformation, the
literature on digitalization remains relatively sparse. Henriette et al. [25] conducted one of
the earliest literature reviews on digital transformation, followed by similar studies by
VukSic, Gebayew et al. [26], Reis et al. [27, 28], and Vial [29]. It's noteworthy that the
term "digital transformation™ originated in business practice and later became the focus of
academic inquiry. Therefore, in this context, scholars like Mergel et al. [30] are offering
definitions of digital transformation based on empirical evidence obtained from expert
interviews, rather than relying on literature reviews. In the realm of digitalization, literature
reviews are scarce, with notable exceptions such as Kuusisto's [31] study, which delves
into the organizational ramifications of digitalization. Another significant contribution is
the work of Parida et al. [32], who developed a framework that not only elucidates but also
guides future research endeavors by linking digitalization, business model innovation, and
sustainability within industrial settings. Srai and Lorentz [33] demonstrate that previous
discussions have often conflated digitalization and digitization. Digitization, as defined,
involves the physical process of converting analog information into digital format [34],
while digitalization pertains to the broader concept of employing digital technology in
various contexts. Ultimately, a comprehensive study on the semantics of the two terms
concluded that digitalization and digitization are sometimes used interchangeably. In the

case of converting text-based requirements into a model, both of these terms apply since
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the requirement could be translated into analogue code and or materially transformed to a
digital medium. [35]
2.8 Traceability

In the realm of requirements engineering, traceability commonly refers to the
capability of tracking and following connections (or traces) both to, and from requirements.
Pinheiro [45] defines requirements traceability as the capacity to delineate, record, and
pursue the traces that requirements leave on other facets within the software development
environment and the imprints that these elements create on requirements. Another
definition proposed by Gotel and Finkelstein [46] emphasizes the ability to narrate and
track the journey of a requirement from its inception, through specification and
development stages, to eventual deployment, encompassing continual refinement and
iterations across these phases. Utilizing the concept of traceability can also assist in the
discovery of lost legacy requirements or the verification of created ones. However,
traceability alone is not a digitization solution for requirements.
2.9 Benefits and Limitations of Digitization Techniques

Organizations embarking on the journey of digitizing legacy requirements will
encounter a myriad of challenges. The nebulous nature of legacy requirements fosters
ambiguity, necessitating corrective measures to mitigate risks. Compounded by turnover-
induced gaps in legacy domain knowledge and inadequate documentation, organizations
will grapple with deciphering vague and inconsistent requirements. Moreover, effective
stakeholder engagement becomes imperative to validate the relevance of requirements and
forestall any encroachment of scope. These obstacles defy complete enumeration, yet they

invariably commence with critical decisions regarding applicable standards, tool selection,
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and usability thresholds. Budgetary and temporal constraints often serve as the bedrock of
the business case, juxtaposed against the engineering faction's pursuit of absolute clarity
and definition. The above-mentioned standards and tools provide legacy requirement
support as a biproduct as opposed to the focused outcome or focus on providing the
recovery and or creation of requirements based on a legacy system.
2.11 Conclusion of the Literature Review

In summary the literature review showed the lack of specific methods, standards,
and tooling for handling legacy requirements. This chapter covers the historical context of
requirements, emphasizing their importance and the necessity to digitize them for enhanced
collaboration and adaptability. Established standards like Architecture Driven
Modernization (ADM) by the Object Management Group (OMG) play a crucial role in
modernizing legacy systems, though no specific standard addresses legacy requirement
management comprehensively. Techniques such as Model-Driven Reverse Engineering
(MDRE) and tools like Model Discovery (MoDisco) aid in extracting models from existing
software artifacts, albeit with limited focus on legacy requirement management. Reverse
Engineering (RE) processes are outlined as essential for extracting requirements from
legacy systems. The chapter also touches on concepts like digitization versus digitalization,
requirements traceability, and the benefits and limitations of digitization techniques,
providing a comprehensive overview of the landscape surrounding legacy requirement

digitization.
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Chapter 3—Methodologies

3.1 Introduction

This research employed a mixed-methods approach, examining literature and
studies. The methods explored above in chapter two have inadequacies between them
which will be synthesized in this chapter. Digitizing requirements can be done in several
ways. Initially, one can manually input them into text editors or use OCR technology for
scanned documents. Moving to a more advanced level, markup languages like XML can
structure documents, while the highest level involves Al or ML-driven software for
automated extraction and generation. Each method has its merits and limitations,
depending on factors like volume, budget, and accuracy needs. A holistic approach may
require combining multiple techniques. The current methods available when combined
utilize these varying levels of sophistication, but do not sufficiently consider legacy
requirements.
3.2 Standards Comparison and Synthesis

As noted above, there are no specific established standards for legacy requirement
management. The three ADM standards are compared below in table 3-1, however note
that none of the three are specifically made to handle requirements. They will produce
relevant information for legacy requirements. An industry standard should be established

explicitly for legacy requirement modernization.
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Abstract Syntax Tree Meta-Model (AST)

Knowledge Discovery Meta-Model (KDM)

Software Metrices Meta-Model (SMMM)

Originator Object Management Group (OMG) Object Management Group (OMG) Object Management Group (OMG)
Standard Architecture Driven Modernization (ADM) Architecture Driven Modernization (ADM) Architecture Driven Modernization (ADM)
Purpose Programming language processing to Knowledge discovery, particularly in data  Software engineering to organize and
represent the syntactic structure of code. mining and machine learning, to represent categorize various software metrics
and exchange metadata related to related to the software development
knowledge discovery processes, data, and process.
results.
Domain Programming languages and is used to Knowledge discovery, particularly in data  Software engineering domain, particularly

Representation

represent code structure.
Hierarchical syntactic structure of code
using a tree-like data structure.

mining and machine learning.

Knowledge discovery metadata, including
data sources, preprocessing steps, mining
algorithms, and evaluation metrics.

for software metrics management.
Software metrics using a metamodel that
defines categories, relationships, and
attributes for various software metrics.

Focus Code structure, syntax analysis, and Representing metadata related to Organizing and categorizing software
compiler-related tasks. knowledge discovery processes, data, and metrics to measure and analyze various
results, particularly in data mining and aspects of the software development
machine learning tasks. process.
Usage Compiler construction, code analysis, Knowledge discovery tasks, including data Software metrics management, analysis,

optimization, and transformation. mining, machine learning, and other and improvement in software engineering

related activities. processes.
Specifically made to handle No No No
Requirements?
Captures information related to Yes Yes Yes
requirements
Facilitates Traceability? Yes Yes No

Strength Data structure and code representation Relationships and links between elements Software Metrics

Possible method Pattern Matching
Traversal
Analysis
Transformation
Code Generation
Validation
Optimization

Data Preprocessing

Data Mining and Machine Learning
Evaluation and Validation

Model Interpretation

Pattern Interpretation
Deployment and Monitoring

Static Code Analysis

Manual Inspection

Automated Static Analysis

Dynamic Analysis

Version Control Systems

Code Review Tool

Integrated Development Environment
Issue Tracking System

Software Testing Tool

Table 3-1. ADM Standards Relevant to Legacy Comparison

3.3 Method Comparison and Synthesis

Methods have been developed in line with the standards mentioned above to
convert code of various languages into model diagrams. Four of these methods were
explored in the literature review above. MDRE is a general approach or methodology for
applying model-driven techniques to reverse engineering tasks. It involves using models
to represent and analyze existing software systems, with the goal of extracting higher-level
abstractions and improving system understanding. MDRE is not a specific tool or
framework but rather a concept or approach that can be implemented using various MDE
tools and techniques. Src2MoF is a tool that automates the extraction of software features
from source code. It analyzes source code to identify and extract features, which are then
represented as models. Src2MoF helps bridge the gap between source code and higher-
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level models, enabling developers to work with feature-oriented representations of
software systems. Gra2MoL is a language and framework for specifying model
transformations based on graph grammars. It allows developers to define transformation
rules that specify how input graphs (e.g., representing source code or other artifacts) should
be transformed into output models. Gra2MoL is commonly used in model-driven
engineering to automate various tasks, including reverse engineering, code generation, and
model synchronization. MoDisco is an Eclipse-based framework for model-driven reverse
engineering and modernization. It provides a set of tools and components for analyzing
and reverse engineering existing software systems, including capabilities for parsing,
abstracting, and transforming source code into higher-level models. MoDisco aims to
support various reverse engineering tasks, such as understanding legacy systems,

extracting architectural models, and migrating legacy applications to modern platforms.

In summary, MDRE is a general concept or approach for applying model-driven
techniques to reverse engineering tasks, while Src2MoF, Gra2MoL, and MoDisco are
specific tools, languages, or frameworks that support various aspects of model-driven
reverse engineering. They each have their own strengths and capabilities for analyzing,
extracting, and representing software systems using models. Table 3-2 below summarizes

the differences between the three model-driven reverse engineering methods.
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Transformation Type

Eclipse-Based
Focus

Implementation
Approach

Usage

Legacy Requirement
Handling

Source to Model Framework (Src2MoF) Grammar to Model Language (Gra2Mol) Model Discovery (MoDisco)

Source code into feature models

Possibly

Extracting features to provide a higher-

level view of the software system

Standalone, plugin, or web-based

Identifies and extracts features from
source code, providing a higher-level

view of the software system's

functionality. These features can help
developers understand the system's

behavior but may not capture all

aspects of legacy requirements, such as

non-functional requirements or
stakeholder preferences.

Used as part of a broader reverse
engineering effort to extract and

document features present in legacy
systems, which can inform subsequent
requirements engineering activities.

Focused on extracting software

features from source code. While it can
indirectly contribute to understanding

Graphs into models using graph
grammar
Yes

Enables transformation of graph-based
representations into more abstract

models
Agnostic
Allows developers to define

transformation rules for converting
input graphs (e.g., representing legacy
system artifacts) into output models.
These transformations can help abstract
away implementation details and derive
higher-level representations of legacy
systems, but they may not directly

address requirements.

Used as part of a broader reverse

engineering effort to transform low-level

artifacts into more abstract and

understandable models, which can aid in
understanding legacy systems but may
require additional steps to capture

requirements explicitly.

While it can be used to transform graph-
based representations of legacy systems
into higher-level models, it does not

legacy requirements by identifying and specifically handle requirements.

representing features present in the

code, it does not directly handle
requirements.

Source code into higher-level
models

Yes

Facilitates reverse engineering
efforts to create higher level
models

Eclipse Modeling Framework
Offers capabilities for parsing,
abstracting, and transforming
source code into higher-level
models representing various
aspects of the software system.
These models can include
architectural, behavioral, and
structural representations of
the system, which may contain
information relevant to legacy
requirements.

Used as part of a broader
reverse engineering effort to
extract and document different
aspects of legacy systems,
which can inform requirements
engineering activities. It
provides a more holistic
approach to understanding
legacy systems compared to
Src2MoF and Gra2MoF but may
require additional analysis to
identify and document
requirements explicitly.

hile it does not focus
specifically on requirements, it
provides a comprehensive set
of tools and components for
analyzing and reverse
engineering existing software
systems, which can indirectly
contribute to understanding
legacy requirements.

Table 3-2. Model Driven Reverse Engineering Methods

3.3 Implications for Modernization Efforts

The combination of the above-mentioned methods and standards will be the best-

known current approach for legacy requirements efforts since no comprehensive method

exists. Based on the information provided so far, there are several implications for

modernization efforts. This research highlights a variety of methods available for digitizing

requirements, ranging from manual input to Al-driven software. This diversity suggests
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that modernization efforts can and should leverage a combination of techniques tailored to
specific project needs, considering factors like volume, budget, and accuracy requirements.
The absence of specific standards for legacy requirement management, as noted in the
comparison of ADM standards, indicates a gap in the modernization landscape.
Establishing industry standards explicitly for legacy requirement modernization could
provide clarity and guidance for modernization efforts. The comparison of methods like
MDRE, Src2MoF, Gra2MoL, and MoDisco underscores the importance of selecting the
right tools for model-driven reverse engineering tasks. Each tool offers unique strengths
and capabilities, emphasizing the need for careful evaluation to align with project goals
and requirements. The synthesis of method comparisons provides insights into the
strengths and weaknesses of each approach. Understanding these nuances can inform
decision-making in modernization efforts, ensuring the selection of methods that best suit
the project context and objectives.
3.4 Conclusion of the Methodology Chapter

In summary, modernization efforts can benefit from a nuanced understanding of
available methods, the establishment of specific standards for legacy requirement
management, and careful evaluation of tools based on their strengths and weaknesses. This
approach can facilitate more effective and efficient modernization processes, ultimately
leading to successful outcomes. The lack of a single tool or method with the express
capability of handling legacy requirements will require a combination of available

methods.
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Chapter 4—Results

4.1 Introduction

This dissertation is expected to contribute to the field of requirements engineering
and legacy system modernization by providing insights into the techniques and challenges
of digitizing legacy requirements into models. The research findings can help practitioners
in understanding the benefits and limitations of different digitization techniques and
provide guidelines for selecting appropriate techniques based on the characteristics of
legacy systems. The proposed novel techniques and methodologies can offer practical
solutions for improving the accuracy and efficiency of digitization processes. Additionally,
the research can help advance the body of knowledge in the area of digitization of legacy
requirements and provide a foundation for future research in this field.
4.2 Research Question 1

What are the existing techniques, methodologies, and tools used for digitizing
legacy requirements into models, and how do they facilitate the modernization of software-

intensive systems?

Digitizing legacy requirements into models is a crucial step in modernizing
software-intensive systems. Various techniques, methodologies, and tools are employed
for this purpose, each with its advantages and suitability depending on the specific context

of the legacy system. Here are some common approaches:
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Requirements Elicitation Techniques: Before digitizing requirements, it's
essential to understand them thoroughly. Techniques such as interviews, surveys,
workshops, and observations help gather requirements from stakeholders and document

them in a structured format.

Model-Driven Engineering (MDE): Model-Driven Engineering (MDE)
prioritizes the utilization of models as principal artifacts throughout the software
development lifecycle. Techniques like Model-Driven Architecture (MDA) provide
guidelines for transforming requirements into models at various abstraction levels. Tools
like Enterprise Architect, MagicDraw, and Sparx Systems facilitate MDE by providing

features for creating, visualizing, and transforming models.

Unified Modeling Language (UML): UML serves as a standardized modeling
language employed for the visualization, specification, construction, and documentation of
software-intensive systems. Techniques such as use case diagrams, class diagrams,
sequence diagrams, and activity diagrams are applicable for representing legacy
requirements in a structured and standardized format. Tools like Visual Paradigm,

Lucidchart, and Astah support UML-based modeling.

Requirement Management Tools: Tools like IBM Rational DOORS, Jama
Connect, and Helix RM help manage requirements throughout the software development
lifecycle. They enable capturing, organizing, tracing, and analyzing requirements, ensuring

consistency and alignment with stakeholders' needs.
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Text Mining and Natural Language Processing (NLP) involve the analysis of
textual artifacts like requirements documents, user manuals, and system documentation
using specialized techniques. These techniques help extract structured information from
unstructured text, enabling automated processing and analysis of legacy requirements.
Tools like NLTK (Natural Language Toolkit), spaCy, and GATE (General Architecture
for Text Engineering) provide libraries and frameworks for implementing text mining and

NLP solutions.

Domain-Specific Modeling (DSM): DSM focuses on creating specialized
modeling languages tailored to specific domains. Techniques like domain analysis and
domain-specific language (DSL) development help capture domain-specific concepts and
requirements more effectively. Tools like MetaEdit+ and Eclipse Modeling Framework

(EMF) support DSM by providing facilities for defining and using DSLSs.

Reverse Engineering Tools: For legacy systems where documentation might be
inadequate or outdated, reverse engineering tools help extract requirements from existing
code and artifacts. Techniques such as static and dynamic analysis, code parsing, and
dependency analysis aid in understanding system behavior and structure. Tools like
Understand, SonarQube, and CAST provide capabilities for reverse engineering software

systems.

43



By employing these techniques, methodologies, and tools, organizations can
effectively digitize legacy requirements into models, enabling better understanding,
management, and modernization of software-intensive systems. This facilitates the
transition from legacy systems to more efficient, maintainable, and adaptable software
solutions.

4.3 Research Question 2

What are the benefits and limitations associated with different digitization

techniques in terms of accuracy, efficiency, and maintainability, and how do these factors

influence their applicability in real-world legacy system modernization?

Different digitization techniques offer varying benefits and limitations in terms of
accuracy, efficiency, and maintainability, which influence their applicability in real-world

legacy system modernization efforts:

Manual Requirements Elicitation allows for direct stakeholder engagement,
ensuring a deep understanding of requirements, and flexibility in adapting to diverse
stakeholder needs and contexts. However, it is prone to human error and bias, potentially
leading to inaccuracies as well as time-consuming and labor-intensive, especially for large
and complex systems. Maintaining consistency across diverse requirements can be

challenging.

Model-Driven Engineering (MDE) promotes abstraction and standardization,

enhancing accuracy and maintainability. It supports automated transformations between
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different levels of abstraction, improving efficiency. Facilitates systematic analysis and
validation of requirements. However, initial setup and learning curve need to be overcome
for MDE tools and methodologies. Over-reliance on models may lead to discrepancies
between models and implementation if not kept in sync, and there is difficulty in capturing

certain non-functional requirements or complex system behaviors in models.

Unified Modeling Language (UML) provides a standardized notation for
representing requirements, improving clarity and communication. It supports a wide range
of diagrams for capturing different aspects of system requirements. Integration with UML-
based development environments and tools streamlines the development process.
However, interpretation of UML diagrams can vary among stakeholders, leading to
misunderstandings. UML diagrams may become overly complex for large systems,
reducing readability and maintainability. There is limited support for certain domain-

specific concepts or requirements.

Text Mining and Natural Language Processing (NLP) enables automated extraction
and analysis of requirements from textual artifacts, improving efficiency. It can handle a
wide range of input sources, including documentation, emails, and user feedback. NLP
supports systematic identification of key requirements and trends. However, accuracy is
highly dependent on the quality of text processing algorithms and linguistic models. There
is difficulty in handling ambiguous or informal language common in requirements
documents and there is limited ability to capture implicit or context-dependent

requirements.
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Domain-Specific Modeling (DSM) tailors modeling languages to specific domains,
enhancing accuracy and comprehensibility. It enables precise representation of domain-
specific concepts and requirements while facilitating automated code generation and
analysis. However, it requires domain expertise and upfront investment in defining
domain-specific languages. DSM may lack interoperability with general-purpose modeling
tools and standards, and there is limited support for evolving or cross-cutting requirements

spanning multiple domains.

Reverse Engineering Tools extract requirements from existing code and artifacts,
preserving investment in legacy systems. They provide insights into system structure and
behavior for modernization efforts. They support automated documentation generation and
analysis. However, tool accuracy is influenced by the quality of reverse engineering
algorithms and code analysis techniques. There is difficulty in understanding and capturing
requirements from legacy code, especially if poorly documented or overly complex. And
there is limited support for non-code artifacts or requirements captured outside the

codebase.

In real-world legacy system modernization, the choice of digitization technique
depends on various factors such as the nature of the legacy system, available resources,
project timelines, and stakeholder preferences. Organizations often adopt a combination of
techniques to balance accuracy, efficiency, and maintainability throughout the

modernization process. Additionally, iterative refinement and validation of digitized
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requirements are essential to ensure alignment with stakeholders' needs and the evolving
context of the modernized system.
4.4 Research Question 3

What are the primary challenges and barriers encountered when digitizing legacy
requirements into models, including issues related to ambiguity, inconsistency, and

complexity of legacy requirements?

Digitizing legacy requirements into models presents several formidable challenges
rooted in the inherent characteristics of legacy systems. One of the primary obstacles is the
ambiguity often found within legacy requirements, stemming from unclear language and
implicit assumptions, necessitating meticulous analysis and stakeholder collaboration to
achieve clarity. Additionally, inconsistencies across various sources of legacy
documentation pose significant hurdles, requiring careful reconciliation and harmonization
efforts to ensure coherence. Moreover, the complexity ingrained in legacy requirements,
arising from years of evolution and technological changes, demands sophisticated
decomposition and abstraction techniques to manage effectively. Further complicating the
process is the often-limited understanding of legacy systems and outdated documentation,
necessitating thorough system analysis and reverse engineering to extract and interpret
requirements accurately. The evolutionary nature of legacy requirements, coupled with the
constraints imposed by legacy technology stacks and tooling, introduces additional
complexities, necessitating adaptable change management strategies and careful
consideration of interoperability challenges. Lastly, ensuring stakeholder alignment and

effective communication throughout the digitization process is paramount to overcoming
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divergent perspectives and priorities, facilitating the successful transition to digitized
models. By addressing these challenges systematically, organizations can navigate the
intricacies of legacy system modernization and realize the benefits of more efficient and

maintainable software-intensive systems.

4.5 Research Question 4
How do the proposed digitization techniques and approaches perform in real-world
legacy system modernization projects, as validated through empirical studies and case

studies, and what insights can be gained from these practical applications?

Empirical studies and case analyses offer valuable insights into how proposed
digitization techniques and methodologies perform in real-world legacy system
modernization endeavors. These practical applications provide tangible evidence regarding
the efficacy, challenges, and optimal practices associated with each approach. For example,
research demonstrates that Model-Driven Engineering (MDE) techniques, like Model-
Driven Architecture (MDA), have proven successful in enhancing efficiency,
maintainability, and alignment with stakeholder requirements in legacy system
modernization projects. Case studies underscore the benefits of employing standardized
modeling languages such as the Unified Modeling Language (UML) to represent legacy
requirements, thereby facilitating better communication and comprehension among project
stakeholders. Moreover, domain-specific modeling (DSM) approaches have shown
promise in accurately capturing and formalizing domain-specific concepts and

requirements, leading to more tailored and precise solutions.
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However, these studies also shed light on challenges inherent to these approaches.
Issues related to ambiguity and inconsistency in legacy requirements can impede the
effectiveness of digitization efforts, necessitating rigorous validation and refinement
procedures. The understanding of legacy systems and the quality of available
documentation emerge as crucial factors affecting the success of digitization endeavors,
underscoring the importance of thorough analysis and documentation practices.
Additionally, the evolving nature of legacy systems and limitations imposed by legacy
technology stacks may demand iterative and adaptable strategies for digitization.
4.6 Research Question 5

What are the most effective recommendations and guidelines for practitioners
seeking to digitize legacy requirements into models, considering factors such as system
complexity, domain specificity, and organizational context, and how can these

recommendations enhance the success of modernization efforts?

For practitioners embarking on the journey of digitizing legacy requirements into
models, several effective recommendations and guidelines can significantly enhance the
success of modernization efforts, especially considering factors such as system complexity,
domain specificity, and organizational context. Firstly, it's crucial to initiate the process
with a thorough requirements analysis, delving into the intricacies of the legacy system's
requirements while involving stakeholders from diverse departments to ensure a
comprehensive understanding. Employing an iterative approach allows for breaking down

the digitization process into manageable steps, continuously refining the models based on
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feedback and evolving requirements, thus ensuring flexibility and adaptability. Moreover,
tailoring modeling languages and techniques to the specific domain of the legacy system,
known as domain-specific modeling, can offer a more precise representation of
requirements and better alignment with stakeholders' needs. Facilitating collaborative
workshops involving stakeholders, domain experts, and technical specialists enables active
participation and ensures that diverse perspectives are considered throughout the
digitization process. Additionally, adhering to standardized notations such as the Unified
Modeling Language (UML) fosters consistency and clarity in the representation of
requirements, while robust documentation and traceability mechanisms maintain
comprehensive records and facilitate impact analysis and change management. Continuous
validation and verification against legacy documentation and system behavior, alongside
implementing change management processes, are vital for ensuring the accuracy and
relevance of digitized models over time. Providing training and knowledge-sharing
opportunities for team members involved in the digitization process equips them with the
necessary skills and expertise, fostering collaboration, innovation, and continuous
improvement. Finally, tailoring approaches to fit the organizational culture, constraints,
and capabilities ensures alignment with the organization's overarching goals, leveraging
existing resources and expertise effectively. By following these recommendations and
guidelines, practitioners can navigate the complexities of digitizing legacy requirements
into models more effectively, ultimately enhancing the success of modernization efforts.
4.7 Recommendation Decision Tree

Legacy systems can start in various states of requirements maturation. The below

figure 4-1, shows a recommended process for transforming legacy requirements into a
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modern system. The process can be stopped at any level of maturation; however, it is
recommended that it is completed. The rectangles represent actions, solid line represent
necessary actions, while dashed lines denote multiple options. Diamonds are decision
points, and finally the rectangle items with dashed boarders are tooling suggestions. This

flow represents a summary of all information mentioned above.
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4.8 Conclusions of the Results Chapter

This chapter has delved into the multifaceted realm of digitizing legacy
requirements into models, aiming to shed light on techniques, challenges, and insights
pertinent to the modernization of software-intensive systems. By examining existing
methodologies and tools, it has become apparent that a diverse array of approaches exists,
each with its strengths and limitations. From manual requirements elicitation to
sophisticated Model-Driven Engineering (MDE) techniques, practitioners have a plethora
of options at their disposal, allowing them to tailor their approach based on the specific
context of the legacy system. However, this chapter has also highlighted the numerous
challenges encountered along the way, such as ambiguity, inconsistency, and complexity
inherent in legacy requirements, as well as the importance of addressing these challenges
systematically.

Ultimately, the most effective recommendations and guidelines emphasize a
holistic and iterative approach, encompassing thorough requirements analysis,
collaborative workshops, standardized notations, and continuous validation. By adhering
to these principles and considering factors such as system complexity, domain specificity,
and organizational context, practitioners can enhance the success of modernization efforts

and pave the way for more efficient and adaptable software-intensive systems.
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Chapter 5—Discussion and Conclusions

5.1 Discussion

The conversion of legacy requirements into digital models is crucial for updating
software-intensive systems. Various techniques and tools are used for this, each with its
advantages depending on the context. Challenges like ambiguity and inconsistency in
legacy documentation need to be overcome through stakeholder alignment and thorough
analysis. Empirical studies provide valuable insights into the effectiveness of these
techniques. Recommendations for practitioners stress the importance of rigorous
requirements analysis, iterative refinement, stakeholder collaboration, and adaptation to
organizational context. Following these guidelines ensures successful modernization
efforts and the continued efficiency of software systems.
5.2 Conclusions

In conclusion, the imperative shift from legacy systems to contemporary
technologies is crucial for businesses striving to maintain competitiveness. An integral
facet of this transition involves the conversion of textual requirements into digital models.
Nonetheless, this undertaking presents multifaceted challenges, encompassing the
selection of suitable techniques, integration of fragmented data, preservation of context,
and validation of models. Despite the paramount importance of this transformation, a
notable deficiency in comprehensive guidance persists, impeding effective modernization

endeavors.
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5.3 Contributions to Body of Knowledge

This research significantly contributes to the body of knowledge surrounding the
digitization of legacy requirements into models for modernizing software-intensive
systems. It offers insights into various techniques, methodologies, and tools employed for
this purpose, shedding light on their advantages, challenges, and applicability in different
contexts. Overall, the research advances our understanding of digitization practices and
methodologies, specifically the lack of established standard methods and tools, ultimately
contributing to the continued evolution and efficiency of software-intensive systems.
5.4 Recommendations for Future Research

For future work in this field, several recommendations can be made to further
enhance our understanding and practices regarding the digitization of legacy requirements

into models:

1. Exploration of Advanced Techniques: Investigate emerging techniques such as
machine learning and artificial intelligence for automating aspects of the
digitization process, particularly in handling ambiguity and inconsistency within
legacy requirements.

2. Comparative Studies: Conduct comparative studies to evaluate the effectiveness
and efficiency of different digitization techniques in various contexts, considering
factors such as system complexity, domain specificity, and organizational
constraints.

3. Longitudinal Studies: Undertake longitudinal studies to assess the long-term impact

and sustainability of digitization efforts on software-intensive systems, tracking
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how digitized models evolve over time and their influence on system maintenance
and evolution.

Stakeholder Engagement: Place a stronger emphasis on stakeholder engagement
throughout the digitization process, involving end-users, domain experts, and
technical specialists to ensure comprehensive understanding and alignment with
organizational goals.

Integration with Agile Practices: Explore ways to integrate digitization efforts with
agile practices such as iterative development and continuous delivery, facilitating
rapid adaptation to changing requirements and stakeholder feedback.

Tool Development and Evaluation: Invest in the development of specialized tools
and frameworks tailored to the digitization of legacy requirements, and evaluate
their effectiveness and usability in real-world scenarios.

Standardization Efforts: Advocate for standardization efforts in the representation
and documentation of legacy requirements, fostering interoperability and
collaboration across organizations and industries.

Case Studies and Best Practices: Compile and disseminate case studies and best
practices from successful digitization projects, providing practical insights and
guidance for organizations embarking on similar initiatives.

Cross-disciplinary Research: Foster collaboration between researchers from
different disciplines, such as software engineering, cognitive science, and
linguistics, to leverage diverse perspectives and methodologies in addressing

challenges related to digitizing legacy requirements.
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10. Continuous Learning and Improvement: Promote a culture of continuous learning
and improvement within organizations, encouraging knowledge sharing, training
programs, and communities of practice focused on digitization practices and

methodologies.

By following these suggestions, researchers and practitioners can play a role in

pushing forward the current state of digitizing legacy requirements into models, ultimately

aiding in the effective modernization of software-intensive systems.
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