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Abstract

Software requirements are of significant importance to project success, yet the software
industry still exhibits inadequate requirements practice. The intertwining between
requirements and architecture has been recognized for more than three decades, yet
most requirements research is still performed in isolation from considering the
architectural perspective. With software systems becoming more complex and
integrated, however, the contemporary RE environment has been changing. As a result,
the intertwining between requirements and architecture is accelerated with growing
criticality and popularity; architecture is becoming central in driving requirements; and
Architecturally Significant Requirements (ASRS) is proposed to manage contemporary
requirements process.

In this context, this thesis project therefore was started with the idea to improve
requirements and architecture decision making through co-developing them, leveraging
the concept of ASRs and discarding the differentiation of functional or non-functional
requirements. When the project was started, however, two more fundamental problems
emerged which were not initially foreseen. Firstly, there is insufficient understanding of
requirements decision making context in practice, especially about what and how
different factors (e.g. stakeholders) influence the decision making. Secondly, the notion
of ASRs is far from mature, lacking of comprehensive knowledge upon how to define
and identify them. Facing this situation, this thesis was then opted to investigate these
problems.

To obtain a comprehensive understanding of the decision making context, this thesis
reports on an in-depth, in-vivo participant observation study. It explores the
requirements decision making process in an enterprise software development
environment. A comprehensive portrayal of architects’ influence on requirements
decision making is derived. Also derived from the study is a stakeholder contribution
pattern in requirements decision making. More importantly, a conceptual model is
constructed, projecting how requirements decisions are made. To investigate how to
identify ASRs, a grounded theory study was conducted, comprising two phases: first,
observing seven architectural review board meetings and analysing 22 ARB
presentation files; second, exercise-based interviews with 5 architects respectively.
Grounded in the data, a framework for identifying ASRs is constructed, consisting of
five dimensions.

Underlying the two problems introduced above rests an incentive question concerning
the identification of requirements issues and challenges facing practitioners. The
purpose of answering this question is to more sharply pinpoint directions for improving
requirements decision making and also to provide empirical evidence that justifies the
appropriateness of using ASRs for that improvement. In this regard, this research offers
a collection of empirical evidence that describes requirements challenges, issues and
opportunities as experienced by practitioners, derived mainly from a survey study.

The resultant findings were validated through expert interviews. Based on these results,
a set of recommendations for practice is derived for improving requirements decision
making through the employment of ASRs, in the context of enterprise software
development.
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Part One: Foundations

Part One of the thesis sets the scene for the research by laying out the foundations. It
begins with an introduction, clarifying the motivation, objectives and questions of this
research. Then, a literature review is offered to provide a theoretical foundation on
topics that the research focuses on. At the end of Part One, the research methods and

study design are described, which set the context for the forthcoming parts of the thesis.






Chapter 1  Introduction

To start with, this introductory chapter clarifies the motivation and context for the
subsequent chapters. Specifically, it articulates why this study is timely and important,
which gives rise to the research objectives and research questions. Following that, the
structure of the thesis is outlined.

1.1 Motivation

“The hardest single part of building a software system is deciding precisely what to
build. [...] No other part of the work so cripples the resulting system if done wrong. No

other part is more difficult to rectify later.” - Brooks (1987)

The quote above by Frederick Brooks 30 years ago has become a truism. Deciding
what to build is a difficult but critical task, which has come to be known as
Requirements Engineering (RE) nowadays. Requirements entail what stakeholders
need and what the system should do. They are traditionally regarded as the starting
point for developing software systems (Davis et al., 1988; Nuseibeh, 2001), as seen
from those prevailing software development models such as the Waterfall and the
Rational Unified Development. By convention, design follows requirements. This step-
by-step, separated development fashion is the orthodox, dominant view taken by most
academics and practitioners in software engineering for years. Apart from the necessity
for contracts, another reason for the separation of requirements and design is the
argument that the problem space should be considered separately from the solution
space and that requirements should specify the “what” rather than “how”. Otherwise,
considering solutions too early can result in inappropriate requirements that constrain

the design freedom as well as obscure the real problem (Alford, 1979).

Yet, the distinction between requirements and design presents a very thin line. Design,
according to Simon (1995) and Sch&n (1983), involves activities concerning both
problem framing and problem solving. Viewing of RE as a creative endeavour
comprising information search and idea discovery (Maiden, 2013), RE and design do
share many similarities. More precisely, deriving requirements is like design,

encompassing not only problem framing but also problem solving at the requirements




level. With the growing maturity and complexity of the business and IT climate, not
only the similarity between requirements and design (de Boer and van Vliet, 2009) but
also their intertwining has become more evident and critical in the contemporary RE

environment (Jarke et al., 2011).

Specifically, the RE environment today exhibits the following characteristics: software
systems are seldom built from the greenfield, and therefore, defining requirements has
to deal with many existing implementations and potential Commercial Off-The-Shelf
(COTS) components; most projects are not to build or enhance just one single
application, and therefore, defining requirements has to consider the impact, especially
the negative ones, of the changes introduced by the project across multiple interacting
applications. To summarise, the problem space and the solution space are closely
intertwined and complicated; thus systems development today is faced with new

challenges in relation to the role of requirements and design.

In this context, not surprisingly, two timely workshops namely “Design Requirements
Workshop” and “Perspective  Workshop: Science of Design: High-Impact
Requirements for Software-Intensive Systems”, were held in 2007 and 2008
respectively, engaging experts from both academia and industry including Frederick
Brooks in the latter. The workshops aimed to rethink the role of requirements and
design for software-intensive systems and define new directions for future RE; and the
term “design requirements” was proposed to better characterize requirements

underlying the current RE environment (Lyytinen et al., 2009).

Therefore, based on the two workshops and a field study (Hansen et al., 2009), the
paper “The brave new world of design requirements” (Jarke et al., 2011) stressed that
RE should involve a design-thinking, because the nature of requirements today is
changed from being the “what” of the problem to becoming “part of both the business
solution and the system solution, and (requirements) constantly bridge new solutions to
organizational and societal problems”. In other words, design may be started and
performed earlier in the software development lifecycle, intertwined with the

requirements process.

Design, as both a verb and a noun, is viewed as the central focus of software
engineering that ties all other activities together (Freeman, 1976). When talking about

design, architectural design or architecture plays a key role in particular. Architectural

4



design differs from other designs with respect to its higher level of abstraction.
Software architecture is of crucial importance to the project success, especially for
large scale software systems (Perry and Wolf, 1992). Moreover, good architecture can
improve software maintainability by unveiling the dimensions where change might
happen, and hence, make the ramifications of change easier to understand and analyse
(Perry and Wolf, 1992). In this way, Simon (1996) viewed that “architectures provide
‘nearly’ fixed points of reference to moderate, constrain, and enable requirements
evolution” (As cited in Jarke et al., 2011).

The intertwining between requirements and architecture has been identified for decades
and is receiving more attention in recent years. Some researchers have proposed that
requirements and architecture should be co-developed, stressing that they should be
considered simultaneously for their definition and trade-offs, because architecture is

playing an increasingly important role in requirements.

In fact, as revealed by Hansen et al. (2009) and others such as Cole (2006), and
Sutcliffe (2009), architecture becomes central in driving business, product and
application requirements. Considering the role of architecture in both requirements and
design, Jarke et al. (2011) emphasized the centrality of architecture as a critical
stabilizing force to improve and manage contemporary requirements processes. To do
so, they proposed to manage through architectural requirements, which indicate the

requirements that have a measurable impact on the architecture.

Architectural requirements also called Architecturally Significant Requirements
(ASRs), in contrast to the widely known notions of functional requirements and Non-
Functional Requirements (NFRs), is an integrated type of requirements that does not
concern the distinction between functional or non-functional requirements. The bulk of
RE research in the past has focused on either functional requirements or NFRs and
nonetheless it has a lopsided emphasis on the functionality at the cost of NFRs (Chung
and do Prado Leite, 2009). In spite of the many advances in RE research, the software
industry still exhibits inadequate requirements practice (Neill and Laplante, 2003).
When it comes to architectural design or ASRs, the distinction between functional or
non-functional requirements is not a concern. By convention, both functional
requirements and NFRs could drive architectural design; yet, not all requirements have

equal importance to architecture. Furthermore, not all ASRs are initially expressed in



the form of requirements; instead, ASRs can originate from other architectural or
contextual concerns (van Heesch et al., 2012). Research regarding ASRs is still
immature, especially on how to define and identify ASRs, which is a focus of this

thesis.

To note, ASRs is seen as a sweet spot to improve and manage the contemporary RE
process. According to Nuseibeh and Easterbrook (2000), RE represents a series of
decisions that “lead from recognition of a problem to be solved to a detailed
specification of that problem”. These decisions encompass not only requirements
decisions but also organizational and project management decisions such as deciding
which requirements to include in the next release (Aurum and Wohlin, 2003). Indeed,
as Regnell et al. (2001) emphasized, requirements mean decisions which are “the
results of stakeholders’ decisions regarding the functionality and quality of the software
product to be constructed”; RE then can be viewed as a decision making process
(Aurum and Wohlin, 2003).

This thesis, therefore, views RE as a decision making process and the focus of this
study is to improve requirements decision making through ASRs, while organizational

and project management decisions are out of scope in this study.

As requirements decision making may vary depending on the domain and development
context, for this research, enterprise software development is selected as the context for
this study. The reason is that enterprise software is a well-established and widely-
practiced domain encompassing a variety of sophisticated software-intensive systems
such as the enterprise resource planning system. Thus, enterprise software development
is accessible from almost all big organizations. More importantly, over years of
growing, enterprise development today is faced with increasing legacy implementations
in addition to the pressure for innovation imposed by the ever-changing technology.
This situation makes enterprise development well exemplify the contemporary RE

environment and a suitable as well as interesting environment for this research study.
1.2 Research Objectives and Research Questions

The preceding section has clarified the underlying motivation that drives this research.
To summarize, the overall motivating problem is: the lack of support towards

improving requirements decision making through considering the role of architecture,
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in the context of increasing intertwining between requirements and design. Additionally,
another motivating problem is that ASRs, as a sweet spot for tackling the former
problem, is not well studied in the literature yet. Thus, the aim of this research is to
provide support for practitioners to improve requirements decision making and
potentially architecture decision making through introducing and leveraging the
concept of ASRs.

To achieve that aim, the first step is to obtain an understanding of requirements and
architecture decision making in practice, i.e. how these decisions are really made. In the
literature, the decision making in (architecture) design is well researched and
understood. Yet, research regarding requirements decision making is still immature.
Among the relevant RE literature, the bulk of research is conceptual and theoretical,
lacking empirical evidence or precise knowledge derived from practice. Therefore, the

first research question is:
RQ 1. How are requirements decisions made in enterprise software development?

This question aims to provide an understanding of requirements decision making in
practice, with an emphasis on requirements decisions and how they are decided and
influenced by different stakeholders. Additionally, to gain an in-depth understanding, it
also aims to answer how the requirements decisions are influenced by other factors.

Based on the understanding of requirements decision making from RQ 1, it is then time
to investigate where needs to improve in requirements decision making in the context
of the contemporary, complex enterprise software development environment. Therefore,
the second research question emerges as:

RQ 2. What are the requirements challenges and issues facing practitioners as

well as opportunities for improvement?

The literature has demonstrated that architecture is becoming central in driving
requirements and hence ASRs, as a concept carrying architectural perspectives, is
proposed to manage requirements process (Jarke et al., 2011). However, there is no
empirical evidence to support that introducing ASRs into requirements decision making
would be an appropriate and good approach. Therefore, RQ 2 aims to identify the
specific challenges and issue facing practitioners concerning requirements. Meanwhile,

it also seeks to gain practitioners’ insights on how to mitigate these challenges and



resolve issues. In doing so, it provides evidence to confirm and justify whether ASRs is
suitable to target practitioners’ challenges and issues. Furthermore, answers to this
question can also more sharply pinpoint directions for improving requirements decision

making.

As indicated earlier, research concerning ASRs is still far from mature and more
fundamentally there does not exist a precise and coherent body of knowledge of how to

define and identify ASRs. This, therefore, gives rise to the third research question:
RQ 3. How to identify architecturally significant requirements?

The objective for this question is to develop a comprehensive theory for directing
practitioners to define and identify ASRs and be able to justify why a requirement is

architecturally significant or not.

Taken together, based on findings of the aforementioned research questions, this thesis
study finally attains the premises to construct an emerging theory and recommendations
for improving the requirements and potentially architecture decision making. So the

question to ask is:

RQ 4. How to use findings from the previous questions to improve requirements

decision making?

The objective for this question is to provide guidelines for practitioners as generated

through this study, towards improving requirements decision making through ASRs.

In conclusion, contemporary RE is faced with increasing intertwining between
requirements and context. This includes the organizational and implementation context.
Additionally, centrality of architecture is becoming a principle for contemporary and
future RE. None of these has been adequately addressed in the literature. This research
focuses on the role of architecture in requirements decision making. The aim is to
improve requirements decision making by introducing and leveraging the concept of
ASRs. By focusing on ASRs it can help manage and reduce the complexity of the
intertwining between requirements and context, as ASRs are the first-class entities of
requirements and also are key input for architecture. Furthermore, focusing on ASRs
addresses the centrality of architecture in contemporary RE, which is timely and

appropriate.



1.3 Structure of the Thesis

To clearly present this research study, the chapters of the thesis are organized in five
parts. The first part includes this chapter and Chapters 2 and 3, containing the
foundations for this study. The following three parts constitute the main body of the
thesis. Specifically, Part Two presents the understanding of requirements decision
making, encompassing chapters 4, 5, 6, and 7. Part Three describes the findings on
identifying ASRs using grounded theory, consisting of Chapters 8, 9, and 10. Finally,
Part Four including Chapter 11 and Chapter 12 presents the qualitative validation on
previous findings in addition to reflection and conclusion for the thesis study as a

whole. Table 1-1 provides the thesis structure in relation to research questions.

Table 1-1. Thesis structure in relation to research questions and contributions.

Part Chapter(s) Research Question

Part Two: Understanding Chapter 4 RQ 1: How are requirements decisions
the Decision Making Context made in enterprise software development?
Chapter 5
Chapter 6
Chapter 7 RQ 2: What are the requirements
challenges and issues facing practitioners
as well as opportunities for improvement?
Part Three: Identifying ASRs Chapter 8 RQ 3: How to identify architecturally
Chapter 9 significant requirements?
Chapter 10
Part Four: Validation, Chapter 11 RQ 4: How to use findings from the
Reflection and Conclusion previous questions to improve the
Chapter 12 | requirements and architecture decision
making?

Chapter 2, to be more specific, sets out the foundation for the research study by
providing a critical literature review in the areas of RE, software architecture, their

intertwining, and ASRs, highlighting the existing advances and gaps.



Chapter 3 justifies the research methodology employed in this study, and describes the
corresponding research design and the empirical studies carried out for the first three

research questions.

Chapter 4 details the empirical study environment, highlighting its context of

development and use and the associated characteristics.

Chapter 5 describes the results of the three case stories for investigating how
requirements decisions are made. It firstly reveals the stakeholders involved in the case
studies. Then it articulates the respective case context and observations regarding

requirements decision making.

Chapter 6 presents an analysis of requirements decision making based on the three case
stories in addition to other data collected in the empirical study, highlighting a
stakeholders’ contribution pattern in the studied enterprise development environment. It
concludes with a conceptual model of the decision making context, highlighting the
factors that influence requirements decision making and the requirements

characteristics.

Chapter 7 reports on the survey results of the challenges and issues faced by
practitioners in addition to opportunities for improving requirements decision making,
supporting that the concept of ASRs is an appropriate and timely touch-point for

improving both requirements and architecture decision making.

Chapter 8 details an analysis of the phase-one grounded theory study for identifying
ASRs, which is the analysis of 22 architectural review board PPT files.

Chapter 9 presents the phase two, an analysis of five architects’ interviews, in terms of

five dimensions that are closely related to ASRs.

Chapter 10, concludes the grounded theory study by presenting the generated theory on
ASRs — the ASR Framework. It also exemplifies how the framework can be used to
identify ASRs by using two examples. It also elaborates some characteristics on the
levels of ASRs.

Chapter 11 then presents the validation study, with an emphasis on the accuracy of the
results: the understanding of the decision making, the framework for identifying ASRs,

and the emerging theory of ASRs.
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Chapter 12, based on all the derived results, presents the recommendations for
practitioners towards how to improve the requirements and architecture decision
making. At the end, it clarifies the contributions and limitations of the thesis, and sets

out suggestions for future work.
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Chapter 2  Literature Review

2.1 Introduction

This thesis is concerned with two software engineering disciplines, namely
Requirements Engineering (RE) and architectural design. In particular, it is the
intertwining between requirements and architecture that serves as the driving stimulus
of this study. This chapter aims to review relevant literature streams in order to lay out
a theoretical foundation for the study. To do this, the topic of software requirements is
firstly introduced. Specifically, it critiques the blurring of the line that is often drawn
between functional and non-functional requirements, and examines the different levels
of requirements. Then, several key, relevant concepts to the engineering of
requirements are clarified, with an emphasis on context and stakeholders. In particular,
the changing RE environment is emphasized, stressing a list of critical issues and trends
for contemporary RE practices. Following that, the topic of software architecture is
introduced. Three kinds of architecture are distinguished and the concept of
architectural design decisions is described. Having reviewed relevant research
regarding requirements and architecture separately, a review on their intertwining
comes next, highlighting its rising criticality and main research focuses. At the end, the
emerging concept of ASRs is introduced, with an emphasis on relevant research on

means of identifying ASRs.
2.2 Software Requirements
2.2.1 Defining Requirements

In this thesis, no distinction is made between the terms software requirements and
system requirements, although it has been said that “the origin of system requirements
lies in user needs while the origin of software requirements lies in the system
requirements and/or specifications” (Thayer et al., 1997, pl). In addition, the terms
requirements, software requirements, and system requirements are interchangeably

used.
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Requirements can be viewed as needs of stakeholders (Nuseibeh and Easterbrook,
2000). More formally speaking, a requirement is, as the IEEE Standard Glossary of
Software Engineering Terminology (1990) defines it:

(1) A condition or capability needed by a user to solve a problem or achieve an

objective.

(2) A condition or capability that must be met or possessed by a system or system
component to satisfy a contract, standard, specification, or other formally imposed

document.

(3) A documented representation of a condition or capability as in (1) or (2).

From this definition, it is evident that requirements can be specified from the user
perspective as user needs, and from the system perspective as in (2). Meanwhile,
requirements can be expressed by varying forms, not limited to the documented

representation, as long as they represent conditions or capabilities defined in (1) or (2).

Requirements define the needs of the intended system in order to provide desirable
solutions for real-world problems. They play an important role in determining both
project success and product quality. Back in the 1960s, software professions
encountered the so-called “Software Crisis” (Naur and Randell, eds.Peter and Brian,
1969), and found that requirements deficiencies were among the most significant
causes of the crisis (Alford, 1979, p37). More recently, it is found that requirements-
rooted problems are often among the top and common reasons accounting for identified
errors, product defects, and project failures (Hooks and Farry, 2001). In contrast, well-
defined requirements are regarded as support for better control of delivery times, costs,
and product quality (Sawyer et al., 1998). Besides, the cost to fix errors found in
requirements and design phase can be over 20 times less expensive than to fix in later
phases (Boehm, 1981). Therefore, getting good quality requirements is considered a

key to project and product success.
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2.2.2 Requirements Types

In the literature, requirements have been viewed in terms of many different types. This
is evident from the fact that many requirements classifications have been proposed
(Alford, 1979, P26; Davis, 1993; IEEE, 1998; Robertson and Robertson, 2006, P9); and
it can also be seen from the fact that many different requirements types, such as legal
requirements, data requirements, and look and feel requirements, are used as headings

in requirements specification templates (IEEE, 1998; Robertson and Robertson, 2006).

A widely known division of requirements is about functional requirements versus Non-
Functional Requirements (NFRs). Robertson and Robertson (2006) classified
requirements in terms of three categories: functional requirements which describe
things the product must do; NFRs which prescribe qualities the product must have; and
constraints which cover global issues that shape the requirements. Very often, NFRs
are regarded as having significant impact on the architecture (Ameller et al., 2012) and

having critical importance in determining the project success (Charette, 1991).

To be more specific, NFRs usually refer to quality attributes or constraints of a system
(Glinz, 2007); and there are many NFRs classifications in the literature, especially for
quality attributes. For instance, the standard ISO/IEC 25010 (2011) classifies quality
requirements into two main categories, namely software product quality, and system
quality in use. Under each category, corresponding quality characteristics and sub-
characteristics are defined such as reliability and performance efficiency. Facing so
many NFRs classification schemes, Chung and do Prado Leite (2009) reviewed 10
different kinds in the existing literature and suggested that no matter what classification
scheme is adopted the key thing is to understand the meaning of an NFR term such as

availability.

This functional and non-functional division is widely known but not universally
accepted. There are also other requirements classifications proposed (Davis, 1993;
Glinz, 2005). For instance, Glinz (2005) critiqued the notion of NFRs (more
elaboration on this is reserved in the next section) and so suggested a new requirements
classification scheme based on four facets. The four facets are: kind, representation,
satisfaction and role. Hence, four categories of requirements are derived. For instance,
requirements in the kind facet concern function, data, performance, specific quality,
and constraint.
15



2.2.3 Functional and Non-Functional Requirements and the Issue

The notions of functional requirements and non-functional requirements are widely
known. However, the difference between them presents a thin line. Glinz (2005) argued
that this difference is fuzzy by demonstrating that the notion of NFRs presents many
flaws for its loose definition and its lack of consensus. Glinz (2007) highlighted the
divergent classifications of NFRs in the literature, i.e. no consensus, which is further
supported in an empirical study conducted by Ameller et al. (2012). Ameller et al.
interviewed 13 architects and reported the confusion facing the architects regarding the
exact meaning of some NFRs and their types and relationships, e.g. “usability” and
“availability”. Overall, the lack of consensus and the confusion on definition both call

into question the appropriateness of the notion of NFRs.

To be more specific, Glinz (2005) pointed out that the same requirement can be
regarded as both functional and non-functional. For instance, a requirement stating “the
system shall encrypt all data communicating through the Internet” is a functional
requirement but it also addresses a quality concern - security. Moreover, one NFR
might be further developed into or associated with one or several functional
requirements, or vice versa. For example, a usability requirement stating “the system
shall provide help within 3 seconds if a user asks for help in any context” might lead to
a functional requirement, “the system shall present a help link in every user screen”.
Therefore, it is hard to assert that the former usability requirement is purely a quality

requirement, because it also implies some functionality.

This kind of confusion between functional and non-functional requirements has been
recognized by both practitioners and researchers (Doerr et al., 2005; Lakshminarayanan
et al., 2006; Berntsson Svensson et al., 2013). For instance, Doerr et al. (2005) reported
three industrial case studies on eliciting NFRs and pointed out the need for
investigating functional and non-functional requirements intertwined because
developing NFRs demands functional requirements as input. After interviewing 14
architects, Lakshminarayanan et al. (2006) highlighted that some architects view that
NFRs must be (re)formulated as functional ones in order to implement them; and some
see no real difference between functional and non-functional requirements. Besides,
they concluded that the use of NFRs is more out of convenience and that the distinction

between functional and non-functional requirements is not always a concern for
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architects. More recently, Berntsson Svensson et al. (2013) examined a requirements
specification in the mobile handset domain and found that 36% of its requirements

statements presented concerns of both functional and quality aspects together.

The studies described above have demonstrated, from both theoretical and practical
view point, that the separation between functional and non-functional requirements is
ill-defined and inappropriate. Moreover, as a recent study suggested, functional and
non-functional requirements should be integrated to advance a seamless software
development process (Eckhardt et al., 2016). In the study, Eckhardt et al. (2016)
reported that most so-called NFRs were in fact addressing system behaviours and
associated properties rather than being really non-functional. This result is based on

analysing 530 NFRs from 11 industrial requirements specifications.

In fact, the proposal to integrate functional and non-functional requirements is not new.
Over 20 years ago, Hsia et al. (1993) examined the state of the RE practice and made
this proposal, in order to avoid fragmentations and piecemeal solutions for defining
requirements. Yet, that proposal did not prosper at the time as the majority of
requirements practices, and research since then still intentionally separates functional
requirements from NFRs, such as by putting them into different sections in the
specification (Robertson and Robertson, 2006). This continuing separation can also be
seen from the overemphasis of functionality at the cost of NFRs (Chung and do Prado
Leite, 2009).

However, in a recent field study, Hansen et al. (2009) reported a list of current
requirements practices in the 21% century. Among them, one overarching practice is the
non-distinction of functional and non-functional requirements. This practice reflects
that the aforementioned integration proposal has been carried out implicitly in recent
years, and it is the trend right in this changing contemporary RE environment as
emphasized by (Hansen et al., 2009). Therefore, facing the changing RE environment,

it is timely to integrate functional and non-functional requirements.

The traditional differentiation between functional and non-functional requirements can
be inappropriate and misleading. Three main reasons are articulated: first, some
requirements are both functional and non-functional as they address both concerns;
second, most NFRs address system behaviours and properties that are implemented by

functionality; third, functional and non-functional requirements present an interleaving
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characteristic, i.e. one can lead to the other. Furthermore, as Hansen et al. (2009)
highlighted, this distinction has already been dropped in practice. Therefore, it is timely
and appropriate to integrate them, giving rise to the introduction and adoption of ASRs

in requirements decision making.

2.2.4 Levels of Requirements

Before describing levels of requirements, it is worth noting that the concept of
requirements levels is distinct from the concept of the requirements types as introduced
in Section 2.2.2. Requirements types focus on the subject of concerns of requirements
such as data and functions, while requirements levels focuses on two other aspects: the
level of abstraction, and the level of design focus. A specific requirement statement
may belong to a certain type of requirements and meanwhile exhibit a certain level of
abstraction. Moreover, the requirements within a certain type may present varying
levels of abstraction and design focus. This section will articulate the two aspects of

levels of requirements respectively.

Abstraction offers a filtered view of the modelled domain by emphasizing particular
details while suppressing others (Loucopoulos and Karakostas, 1995). Requirements
potentially have multiple levels of abstraction. To this respect, a few different views are
proposed in the literature (Davis, 1993; Gorschek and Wohlin, 2006; Liu, 2009). For
instance, Wiegers (2000) proposed a three-level structure of requirements, i.e. business
requirements, user requirements, and functional requirements. Among the three levels,
requirements started from a high level evolve from business requirements which
concern about the business rationales and business cases. On the basis of that, user
requirements are derived such as use cases, describing business processes or tasks from
the user perspective. Finally, at the last level, functional requirements articulate the
specific system behaviours which are the traditional “shall” statements (Wiegers, 2000).

Gorschek and Wohlin (2006) presented a Requirements Abstraction Model (RAM). It
comprises four levels of requirements, i.e. product level, feature level, function level,
and component level. To be specific, for instance, the product level requirements are
the most abstract and goal-like, similar to product strategies and organizational
strategies, while the component level requirements are very detailed as on the brink of
solution design, i.e. how to solve something. Thus, requirements at the component level
are likely to contain design decisions, focusing more on HOW than on WHAT.
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Both views described above focus on the level of abstraction of requirements where
requirements at a top level can usually be decomposed and refined into requirements at
a lower level. Apart from that, there is another dimension about the levels of

requirements, and that is the level of design focus in requirements.

Conventionally, it is widely accepted that requirements should state the ‘what’ rather
than ‘how’; and the main purpose for doing so is to avoid limiting the subsequent
design freedom. However, this separation presents a dilemma (Davis, 1993), which is
in the same spirit of the later argument, ‘your what is my how’ (Davis, 2003; Whalen,
2013). More specifically, a requirement can be viewed as a design solution. The
distinction lies in the perspective of which level of system decomposition the
requirement is viewed at, since systems have hierarchical structures and so have
requirements. For instance, viewing the user needs as the ‘what’, the decomposed,
application-specific hardware or functional requirements can be regarded as the
corresponding ‘how’. Subsequently, the functional requirements allocated to a specific
component define its ‘what’, the technical design, the ‘how’, and so on. In this sense, a
decomposed, lower-level requirement is a solution designed to meet its upper-level

requirement(s).

When requirements are broken down into more detailed requirements or parts with
more details, these details added by various stakeholders may then be design decisions,
just as pointed out by Ralph (2013) who emphasized that design decisions are often
mislabelled as requirements. Indeed, it has been acknowledged by some researchers
that it is inevitable to make design decisions in the development of requirements
(Hansen et al., 2009; Sutcliffe, 2009; Whalen, 2013). As a result, some requirements
have a strong design focus or even are design decisions. To further articulate this,
Section 2.5.1 provides more evidence with an emphasis on design at the architectural

level.

Regarding the level of design focus in requirements, back in the 90’s with the
availability of Commercial Off-The-Shelf (COTS) components and products, Shekaran
and Tremlett (1992) observed a phenomenon at the time that RE became more of a
design and integration process. This ‘design’ in their view is the process of
decomposition of functionality into subsystems and the subsequent coordination while

integration is the recomposition of those already-existing subsystems and/or COTS.
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Regarding that phenomenon, Siddiqi and Shekaran (1996) suggested that design-level
artefacts such as COTS components should be considered and handled in the RE
process. Consequently, RE involves a “design-like” task to evaluate alternative
strategies for realizing requirements (Siddigi and Shekaran, 1996), such as deciding

whether to employ COTS components or to build in-house.

Weber and Weisbrod (2002) reported that one challenge facing them in software
automotive development is that, separating user requirements from system
requirements is difficult because of there being ‘no clear line’ between them, and
consequently, this practice of separation is problematic. In theory, user requirements
provided by the customer define the problems, while system requirements, specified
after user requirements by the supplier, describe the abstract solutions to those
problems. In practice, however, it is not practical in the automotive domain to specify
user requirements without bringing up details in the solution space (Weber and
Weisbrod, 2002). As a result, they observed several problems such as missing
important information or having system requirements in the user requirements
specification, and requirements engineers not knowing which specification a given

requirement should be put into.

More recently, Ellis-Braithwaite et al. (2015) reported that the problem of redundancy
between user and system requirements is still prevalent. They surveyed 16 consultants
and further analysed two pairs (user and system) of requirements documents from two
software projects. Then they found that on average one third of requirements pairs (a
system requirement and the associated user requirement) show some extent of
repetition; and very often the solutions were specified twice while the real problems

were omitted.

Based on the research above, balancing the levels of requirements is problematic. On
the one hand, requirements should be specified at an appropriate level of abstraction for
/ from corresponding stakeholders, such as in the automotive domain user requirements
from customers while system requirements from suppliers. Yet on the other hand, some
requirements decisions have to be made only after certain design decisions are made.
Furthermore, people are often solution-oriented and one’s design can be another’s
requirements. Consequently, the resulting requirements may contain various design

decisions while neglecting the real problem, and thus hamstring the development.
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Regarding this issue, it has already been suggested over the years that requirements
engineers or business analysts should be careful that “no design decision should be
arbitrarily made which unnecessarily restricts the design freedom of the next phase of
the development cycle. This means that the techniques, formats, and means of
presenting the requirements must not inadvertently introduce unintentional design
choices.” (Alford, 1979). However, in the field study by Hansen et al. (2009), they
found that balancing the levels of requirements remains a critical issue in large
software-intensive systems development. This issue then is still worth investigating for

improving requirements decision making.

In conclusion, this section reveals that levels of requirements are well studied in the
literature. Levels of requirements have two meanings, namely the level of abstraction
and the level of design focus. The former is well researched in theory as many
requirements abstraction models were proposed by researchers. The latter is more
prevalent in practice as an issue in terms of balancing the level of design focus. Overall,

balancing the levels of requirements remains a challenge for practice.

2.2.5 Summary

Essentially, software requirements should define what, when and how well the system
should do in order to solve real-world problems; and they are of critical importance to
the downstream development. The literature shows many classifications on
requirements, and this chapter has reviewed two themes of these classifications, namely,
the classifications of requirements types in terms of subjects, and the classifications of
requirements levels in terms of levels of details, i.e. design focus, and abstractions in
requirement statements. Both requirements types and requirements levels are well
researched in the literature. Several existing classifications on both themes are
reviewed and the purpose is not to judge which one is better, but instead to clarify the
focus of the thesis. The reviews make it clear that requirements have hierarchical levels
of abstraction. It can vary from the most abstract form such as a goal statement to a
requirement so detailed as a premature design decision. Yet to balance the levels of

details in requirements remains a challenge.

Furthermore, the review on the distinction between functional and non-functional

requirements reveals its inappropriateness. It is reasonable to conclude that functional

and non-functional are not so different at all. At the end, the call to integrate them in
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the contemporary RE environment is emphasized, which gives rise to the introduction
and adoption of ASRs in requirements decision making.

2.3 Engineering of Requirements

Requirements Engineering (RE) is the process associated with the engineering of
software requirements, usually understood as consisting of eliciting, analysing,
agreeing and managing requirements (Nuseibeh and Easterbrook, 2000). The key
concerns in the RE process are the real-world goals for, functions of, and constraints on
software systems, and the relationship among them (Zave, 1997). Industrial case
studies have demonstrated that good RE practices have a positive correlation to
productivity of downstream development, quality of resultant product, and risk
management (Damian et al., 2003; Damian and Chisan, 2006). Moreover, the quality of
RE practice has a wider impact than just at the product and project level; it can also
channel influence at the company level and at the society level (Gorschek and Dauvis,

2008), such as affecting the corporate revenue and market share.

The section title ‘Engineering of Requirements’ is used rather than ‘Requirements
Engineering’, because the contemporary RE environment has been changing, see
Section 2.3.4 and RE as a fixed, separated process or phase within the SDLC is fading
away (e.g. as seen from the prevalence of Agile). The engineering of requirements with
the emphasis on requirements rather than process seems more appropriate in the

contemporary context.
2.3.1 Context
Requirements encompass information that is situated, and the meaning of requirements

is dependent on the context in which they are produced and used (Goguen, 1996).
Context as defined by the Oxford dictionary indicates:

The circumstances that form the setting for an event, statement, or idea, and in terms of

which it can be understood.

As for requirements, there are three kinds of context that are worth reviewing, and they

are the context of use, the context of development, and the implementation context.

22




Jackson (1997) emphasized that “requirements are located in the environment”, and
“the environment is part of the world with which the machine (the to-be-built system)
will interact, in which the effects of the machine will be observed and evaluated”. This
environment is the context of use. Specifically, the standard 1SO 9241-11 (1998)
provides a definition for it:

Context of Use: users, tasks and equipment (hardware, software and materials), and

the physical and social environments in which a product is used.

The context of use is part of the ‘enterprise’ as advocated by (Loucopoulos and
Karakostas, 1995). They encouraged to explicitly define the enterprise in terms of four
aspects: organizational structures; objectives and goals; activities, processes, products;
and agents and work roles (Loucopoulos and Karakostas, 1995, p81), so as to provide a
context for and justify the intended system. The context of use has been recognized as a
factor that can shape users’ requirements as well as developers’ understanding of these
requirements (Grudin, 1996). Researchers and practitioners are encouraged to consider
the context of use when eliciting requirements, e.g. using ethnomethodology (Goguen,
1996; Siddigi and Shekaran, 1996). Additionally, context of use sometimes being put in
the form of a context diagram serves the purpose of defining the product scope
(Alexander and Beus-Dukic, 2009, Chapter 4).

Apart from the context of use, the organizational context of development is also worth
noting. Distinguished by Grudin (1996), context of development indicates the context
where systems development takes place; more importantly Grudin highlighted how the
context of development could affect the developer and user interaction. To exemplify
this, he listed three contexts in particular, namely contract development, in-house
development, and commercial product or package development. These three contexts
exhibit different configurations of stakeholder relationship between the two types of
stakeholders, i.e. users and developers. For instance, for in-house development
developers and users belong to the same organization while for contract development
they are in distinct organizations facing more barriers of communications in terms of

cultural remoteness.

Power and Moynihan (2003) shared Grudin’s view on the context of development in

general and used the term requirements situations (or project situations) to specifically
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distinguish different types of contexts of development. They made the distinction based
on the sources of requirements. In particular, eight sources of requirements are
identified including the users, the client organization, the business area, the application
domain, the market, the existing product, the customers, and the project. Based on
different characteristics of the sources, seven types of requirements situation are
identified including vertical market situation, contract for a product, and in-house
solution. More importantly, the authors of this paper clarified that how and to what
extent each source of requirements impact the requirements process may vary with the

situation.

In addition to the context of use and the context of development, the implementation
context is gaining importance. It indicates the system environment and the existing
solution space in particular, including the existing or legacy systems, architecture and
COTS. Driven by the advances in hardware and technologies, software systems become
more ubiquitous and complex with growing legacy systems in terms of scale and
variety. Furthermore, the implementation context becomes increasingly intertwined
with requirements (Jarke et al., 2011). For instance, Lehto and Pentti (2005), two
practitioners from Nokia, reported that most requirements were related to solutions and
as a consequence requirements engineers had difficulties to distinguish if a requirement
describes the original customer needs or a mix with solutions. Thus, they advocated the

need to raise awareness of the implementation context in requirements decision making.

2.3.2 Stakeholder Categories and Types

“Stakeholders include anyone with an interest in, or an effect on, the outcome of the
product”(Robertson and Robertson, 2006). Stakeholders may be an individual, a group
of people, an organization or other entity (Hull et al., 2011). They are the primary and
legitimate source of requirements for software systems (Hull et al., 2011). Therefore,
identifying and engaging stakeholders is of critical importance for project success
(Kappelman et al., 2007).

To facilitate stakeholder analysis including stakeholder identification, researchers have

proposed many different stakeholder categorizations from different viewpoints (Sharp

et al., 1999; Preiss and Wegmann, 2001; Alexander, 2006). For instance, the onion

model (Alexander, 2006) classifies stakeholders based on their proximity to the kit (the

product) such as normal or maintenance operator being one of the closest to the kit
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while developer is among the outermost stakeholders. Cotterell and Hughes (1995)
proposed three categories for stakeholders based on their relationships to the
boundaries of the project team and the organization: 1) internal to the project team; 2)
external to the project team but internal to the organization; 3) external to both.
Newman et al. (1995) divided stakeholders into three categories based on their
relationships to the to-be-built system: those who will use the system directly, or

indirectly, and those who will be involved in the development of the system.

Within each stakeholder category mentioned above, there often exist various types of
stakeholders or stakeholder roles; in this thesis, the two terms are used interchangeably.
To name a few stakeholder types, for instance, the client refers to those who pay for the
development of the software; the customers buy the product; and the users operate the
product (Robertson and Robertson, 2006).

Of direct relevance to this thesis, one type of stakeholders deserves closer examination;
and that is called ‘developer’ in the Onion model (Alexander, 2006), and ‘core team’ in
(Robertson and Robertson, 2006, p52). In the RE literature, developer is often an
undifferentiated stakeholder type that represents all relevant stakeholder roles from the
technical development side, i.e. who are involved in the development of the product,
such as business analysts, technical leads, and architects. This over-simplification of
‘developer’ impedes the understanding and investigation of stakeholders’ role in

requirements decision making and this problem is further discussed in the next section.

2.3.3 Stakeholders’ Contribution in Requirements Decision making

Regardless of being in the same stakeholder category or not, different types of or even
different individuals of stakeholders have distinct background and perspectives,
varying interests and goals (Zave, 1997), in addition to uneven power in making
requirements decisions. As a result, these differences may affect their roles in
requirements decision making. In other words, the ways how different stakeholders

contribute to or influence requirements decision making vary.

Stakeholders’ contribution in requirements decision making has not been widely
studied in the literature, mainly because most researchers view the RE process as a
series of phased activities or sub-processes such as elicitation and validation and hence

their studies are often confined within a certain requirements activity, rather than in an
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integrated whole process. For instance, Wiegers (1999) listed some typical stakeholders’
contribution in the requirements prioritization process. To name a few, development
representatives, such as a technical lead, usually contribute by providing the cost and
risk estimation; customers provide ratings on the benefit and penalty; and the project
manager offers orchestration support by guiding the prioritization process and

mediating conflicts.

To the author’s knowledge, there is yet no comprehensive study directly addressing this
topic. However, there are some studies contributing to the understanding of
stakeholders’ role in requirements decision making in a piecemeal fashion; and these

studies include as follows.

Kotonya and Sommerville (1996) recognized the differing influences from distinct
stakeholders and proposed two viewpoints (direct and indirect) for requirements
definition. For the direct viewpoint, they stated that requirements are contributed by
system operators or users, while for the indirect viewpoint requirements are contributed
by those who are concerned with the system design and implementation and those who

are concerned with the system’s influence on the organization.

Alexander (2006) has implied these different contributions from different stakeholders
when explaining the different stakeholders in the onion model. For instance, functional
beneficiary might contribute to functional requirements; and operational support might

contribute to supportability requirements.

Similarly, Alexander and Beus-Dukic (2009, p47) provided a brief mapping between
stakeholder types and corresponding requirements types that the stakeholder might
contribute to. Specifically, Table 2-1 outlines this mapping. For instance, normal
operators are best placed to provide concrete scenarios and usability requirements,
while maintenance stakeholders are able to discover specific maintenance functions and

diagnostics details.
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Table 2-1. Requirements from stakeholders (reproduced from (Alexander and Beus-Dukic,

2009, P47))
Stakeholder Requirements type Stakeholder Requirements type
type type
Normal Scenarios; usability Interfacing Interface definitions
operator
Maintenance Maintenance functions / Functional Product functions /
scenarios; diagnostics, beneficiary scenarios; performance
built-in test targets
Financial Mission; objective Support Support functions
beneficiary
Regulator Regulations; laws; Marketing Mass market (consumer);
standards; guidance; (surrogate of preferences by group (age,
responses to safety case; mass-market income, etc.)
compliance statements, customers)
etc.
Manufacturer Producibility Product Priorities programme;
manager, schedule budget
purchaser

Furthermore, the contribution by ‘developer’ stakeholders as mentioned in the previous
section has often been oversimplified or even neglected, notwithstanding studies by
Ameller et al. (2012) and (Daneva et al., 2013) in recent years. Bass et al. (2003)
suggested that architects must be actively involved in requirements elicitation early to
solicit and understand stakeholders’ needs and expectations. Ameller et al. (2012)
found in a survey that architects contribute to the elicitation of most NFRs. Moreover,
Similarly, Daneva et al. (2013) conducted an exploratory study to specifically
investigate software architects’ experience of quality requirements, by interviewing 20
software architects from 14 companies in Europe in the context of large contract-based
projects. They reported that architects play an active role in making quality
requirements decisions, including eliciting and reviewing them. In addition to architects’
influence on requirements decision making, however, many other specific ‘developer’
stakeholders, such as business analysts and technical leads, also play a critical role in

requirements decision making, and yet their contributions remain to be explored.

Overall, these studies listed above provide insufficient detail on how different types of

stakeholders contribute to requirements decision making. Meanwhile, many also lack
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adequate empirical evidence (except for the last two but they are limited to the
stakeholder architects). There are few published studies comprehensively capturing
these stakeholder contributions. Additionally, very few of stakeholder classification
schemes described in the previous section make an effort to distinguish stakeholders’

roles, in terms of their contributions to requirements engineering.

2.3.4 The Changing RE Environment

The RE environment today is different from what it was four or three decades ago
(Lyytinen et al., 2009; Jarke et al., 2011). This changing RE environment has been
briefly mentioned in the Motivation section of Chapter 1. This section aims to offer a

more detailed review.

In recent years, the business and organizational environments have become closely
intertwined with their software systems (Jarke et al., 2011). In this context, Sutcliffe
(2009) claimed that a fundamental change is taking place in RE; and that is, the focus
in requirements is shifting from users to systems and from user requirements to
architectural requirements. He argued that one reason for this change is that software
systems are becoming more intelligent, context-aware and adaptable. More recently, a
software pioneer DeMarco (2012) expressed his loss of faith in the adage that “the
customer is king”, because of the increasing maturity of IT and the business
environment. He further stated that the new king is the partnership between the

business and IT.

Aiming to identify contemporary RE practices, Hansen et al. (2009) conducted a field
study by interviewing over 30 leading IT experts in a wide range of large organizations
using large and complex systems. Notably, all the participants had been involved in
design activities. Based on the interview data, they revealed a number of current
requirements practices. To name a few that are of direct relevance to this thesis, they

include:

e non-distinction of requirements tasks

¢ non-differentiation of functional/non-functional requirements
¢ simultaneous elicitation and validation

e limited focus on stakeholder conflict

o broad external and internal stakeholder involvement in requirements processes
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Hansen et al. observed that practitioners do not distinguish between functional and non-
functional requirements and so do not document and manage them differently.
Furthermore, practitioners do not distinguish the traditional requirements activities such
as elicitation, specification and validation from one another. Instead, they emphasized
the intensive intertwining between requirements and design; and some interviewees
even said that “requirements processes are indistinguishable from the design” (Hansen
et al., 2009). Contrasting these findings with the state of the art, the authors concluded
that the current requirements practices are no longer consistent with some assumptions

in the state of the art.

Furthermore, (Hansen et al., 2009) also identified nine critical requirements issues in
the contemporary requirements landscape, which mark the emerging trends of
requirements research and practices for contemporary RE. For instance, one issue,
fluidity of design, points to the fact that requirements processes must accommodate the
need for continued evolution of problems and artefact solutions after initial
implementation (Hansen et al., 2009). Among the nine issues, three issues as outlined

in Table 2-2 are of direct relevance to this research study.

Table 2-2. Three critical requirements issues, out of nine from (Hansen et al., 2009)

Critical issues Brief description

Centrality of Architectural requirements take a central role, and drive product
architecture and application requirements

Layers of Requirements iteratively developing across multiple levels of
requirements abstraction, design focus, or timing.

Requirements efforts focus on integrating existing applications

Integration focus  aher than development of new ones.

In Table 2-2, the first issue, centrality of architecture, emphasizes the impact of

architecture on requirements. Regarding this, Section 2.5 provides a detailed review.

Layers of requirements indicate the same meaning as the concept of requirements
levels. Requirements are iteratively developed across multiple levels of abstraction,
design focus or timing (Hansen et al., 2009). As discussed in Section 2.2.3, to balance
the levels of details in requirements decision making is not a brand-new issue facing
RE practitioners. It remains a challenge to be resolved in the contemporary RE
environment.

29




The issue of integration focus reflects one big change in the current RE environment;
and that is, software development nowadays is seldom built from green-field and
instead handling of or integrating with the existing implementations and constraints is

the new normal, as Jarke et al. (2011) put it,

“RE acts more like the Roman god of gates — Janus — with one face looking at new
business and technological challenges and opportunities, while another face is gazing
at existing (technological, organizational, social, and political) environments and

resources.”

Therefore, with the focus of RE shifting toward integration and evolution, designers’
input for producing requirements becomes mandatory (Hansen et al., 2009).
Requirements should also be and, in fact, are constructed in relation to existing
implementation context (Hansen et al., 2009). Yet, how the implementation context

influences requirements decision making remains to be investigated.

In this context, Jarke et al. (2011) urged researchers to adapt to the changing RE
environment. To this end, Jarke et al. pinpointed four new requirements principles and
recommended that the future RE research agenda should develop around implications

of these four principles. The four principles are:

(1) Intertwine requirements with implementation and organizational contexts;
(2) Evolve requirements, design, and ecologies dynamically;
(3) Manage requirements through architectures;

(4) Recognize and mitigate unprecedented levels of design complexity.

In particular, the first and third requirements principles are directly driving this thesis
research. To be more specific, in the first principle the organizational and
implementation contexts embody business processes and existing solution space and
they exhibit increasing intertwining (Jarke et al., 2011). Behind this intertwining lies
the dynamic evolution between the business environment and the IT environment (i.e.
the design and the implementations). Therefore, it is important to consider this
intertwining of requirements with these contexts in requirements decision making.
Implications for potential new RE practices underlying this principle include

developing context requirements and eliciting context domain models (Jarke et al.,
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2011). For the third principle, architecture, as the least evolving and most widely
referenced central point of control, can serve as a critical force to enable and stabilize
requirements and their evolution (Jarke et al., 2011). Implications of this principle
include: manage architectural requirements, and support analysis of their evolution
(Jarke et al., 2011).

To follow the two principles described above, however, demands two premises of
understanding. First, the intertwining between requirements and their organizational
and implementation contexts should be understood; For instance, how would the
contexts influence requirements or requirements decision making. Second, the precise
nature of architectural requirements should be understood, particularly how to identify
them. To answer these questions, however, the existing literature shows very few
relevant studies (the latter will be articulated in Section 2.6). Therefore, it is worthwhile
investigating both topics in order to facilitate improving requirements decision making
in the changing RE environment.

2.3.5 RE as a Decision Making Process

To achieve good RE practices, many approaches and techniques have been proposed,
such as Viewpoint-Oriented Requirements Definition (VORD) (Kotonya and
Sommerville, 1996), Goal-Oriented RE (GORE) (Van Lamsweerde, 2001), and user-
centred RE (Sutcliffe, 2002). No matter what approach or technique is applied,
however, RE is fundamentally a learning and decision making process (Curtis et al.,
1988; Floyd et al., 1989; Aurum and Wohlin, 2003).

Back in the 80s, Curtis et al. (1988) conducted an exploratory field study on the design
process for large-scale software systems. They found that learning and coordinating
application requirements is inevitable even in the design phase; then, they highlighted
that learning is an important aspect in the requirements process. Similarly, Floyd et al.
(1989) viewed that requirements should be developed through mutual learning between
developers and users in an iterative and evolutionary fashion. Doubtless at present,
learning as in terms of information search remains a key component in the RE process
(Maiden, 2013).

More importantly, the RE process is a decision making process, involving many

decision-rich, problem-solving activities (Aurum and Wohlin, 2003; Alenljung, 2008).
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Comparably in management, Jennings and Wattam (1998) viewed decision making as a
process during which a solution is evolved and accepted, and this process involves
gaining knowledge and commitment through exploration and learning. There is a
similar process at play in RE. Commitment in management is equivalent to the
agreement in RE where ideally the decisions made should be agreed by all relevant

stakeholders.

The decisions made in RE include requirements decisions, in addition to macro and
micro decisions regarding the management and the RE process (Aurum and Wohlin,
2003). For instance, the macro decisions comprise the organizational strategic decisions
(e.g. strategic release planning), management control decisions (e.g. identification and

use of resources), and operational control decisions (e.g. budget and delivery date).

With all these said above, this thesis takes the perspective that RE is a decision making
process, and this process, as far as this thesis is concerned, focuses on requirements
decisions. Taking this view is to align with the current requirements principles as
mentioned earlier, such as non-distinction of requirements tasks and simultaneous
elicitation and validation (Hansen et al., 2009). These practices reflect the fading
emphasis on requirements tasks and phases as focused in conventional RE. In this
brave new world of contemporary RE, instead, it demands fresh lens to look at
requirements, RE, and their role (Jarke et al., 2011). Treating requirements decisions as
the first-class entity of focus in contemporary RE and thus viewing RE as a decision

making process seems appropriate.

2.3.6 Summary

In conclusion, RE is viewed as a decision making process, with a focus on
requirements decisions. Stakeholders play a key role in requirements decision making.
However, the existing literature exhibits an inadequate understanding of their way of
contribution in requirements decision making, especially for “developers”. In particular,
how different stakeholders from the development teams such as solution architects and
technical leads contribute to requirements decision making remains unexplored.
Additionally, since requirements are situated in context, different contexts of
development and use might influence the stakeholders’ contribution practice differently.

In this regard, this thesis focuses the investigation of stakeholders’ role within the
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context of in-house development of enterprise systems. Furthermore, the
implementation context is increasingly intertwined with requirements, yet how it

impacts requirements decision making remains to be investigated.

With the changing contemporary RE environment, three emerging critical requirements
issues - the centrality of architecture, layers of requirements, and integration focus are
articulated. Furthermore, two of the four underlying principles for contemporary RE -
intertwine requirements with contexts and manage through architecture are in particular
articulated. These issues and principles lie at heart for this thesis, not only motivating

but also justifying this timely and appropriate research.
2.4 Software Architecture
2.4.1 Introduction to Software Architecture

Software architecture manifests great importance to both product and project success. It
facilitates communications between technical stakeholders, provides a basis for reuse of
system elements, and enables analysis of system behaviours before implementation
(Perry and Wolf, 1992). Furthermore, the widely cited book Software Architecture in
Practice has a chapter specifically emphasizing the reasons for why architecture
matters (Bass et al., 2012, Chapter 2). The reasons, for instance, include the idea that
software architecture can facilitate reasoning about and managing change as the system
evolves, in addition to help managing complexity.

To define software architecture, Bass et al. (2012, p4) prefer this one:

The software architecture of a system is the set of structures needed to reason about
the system, which comprise software elements, relations among them, and properties of
both.

This definition implies that software architecture is an abstraction encompassing a set
of structures. Meanwhile, this architectural abstraction concerns system elements, how
they interact with each other, how they are composed, how they are organized, and any

properties of these concerns that support system reasoning (Bass et al., 2012, p6).

33




Bass et al. (2012, p5) used the term “element” to indicate a module or a component,
and intentionally avoid providing a definition for any of these terms or distinguishing
them. This raises the question, to what level of abstraction an element would be
regarded as being architectural. Regarding this, Bass et al. provided a conceptual
argument answering the question indirectly. They explained that elements are
partitioned into public and private parts by means of interfaces. Then the public part of
elements are architectural and the private part “having to do solely with internal
implementation” are not architectural (Bass et al., 2012, p6). Yet still, would a single
class (e.g. in Java) be regarded as architectural for it may have public methods visible

to other classes?

Previously, Clements et al. (2002) argued that “context influences what’s architectural”.
Specifically, they gave an example that, “If the scope of my concern is confined to a
subsystem within a system that is part of a system of systems, then what I consider to
be architectural will be different than what the architect of the system of systems
considers to be architectural”. In this sense, whether architectural or not it is dependent
on the context. Likewise, those that are architectural including ASRs and ADDs are

also situated in context.

For the same concern, Fowler (2003) viewed that regardless of whether a component
encompasses smaller components or not, architecture is the “shared understanding of
the system design” including “components and interfaces that are understood by all the
developers”. Moreover, Fowler firmly believed that “What makes a component
significant? It is significant because the expert developers say so”. The expert
developers here indicate software architects as often referred to by academics; and what
Fowler believed reflects that the architect is the central, critical role in understanding

and determining software architecture.

2.4.2 Different Kinds of Architectures and Architects

The preceding section introduces software architecture in general and mentions the role
of software architects at the end. According to Kruchten (2008), software architects’
main responsibility is to design the architecture of the system(s) and this constitutes
about 50% of their time. Meanwhile, associated with the design come many other

activities that architects often participate in with regard to requirements, for instance,
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understanding requirements, extracting architectural requirements and communicating

architecture by interacting with (usually assisting) other stakeholders (Kruchten, 2008).

Very often, it is assumed that software architecture is the subject when referring to
‘architecture’. However, the term architecture has a wider range of indications than just
software architecture. There are many different kinds of architecture that exists in
different levels and aspects. For instance, the enterprise architecture framework
TOGAF (The Open Group Architecture Framework) has listed many architectures and
roles, e.g. enterprise architecture, data architecture, and security architecture (Haren,
2011). Accordingly, the different kinds of architect titles are enterprise architect,
solution architect and security architect (Haren, 2011). This diversity of architecture
and architect types is a means to reduce complexity through separation of concerns, in

response to the increasingly large and complex IT systems.

Related to this research study, three different kinds of architectures are in particular
distinguished: enterprise architecture, solution architecture and application architecture.
Overall, from enterprise architecture through solution architecture to application
architecture, their concerns become less business focused and more technologically
intense. Additionally, the scope of their concerns narrows from an integrated enterprise
environment to its part. The three types of architecture usually correspond to different
kinds of architects’ roles. Since architects play a key role in requirements decision
making, to distinguish these architectures and roles would lay a good foundation in

understanding their influence on requirements decision making.

In what follows, each architecture type is clarified with definitions, along with its

associated architect type and architects’ responsibilities if applicable.

Enterprise architecture “is the process of translating business vision and strategy into
effective enterprise change by creating, communicating and improving the key
requirements, principles and models that describe the enterprise's future state and
enable its evolution” (Lapkin et al., 2008). Accordingly, enterprise architects are
facilitators that steer the enterprise architecture process by composing “holistic
solutions that address the business challenges of the enterprise and support the

governance needed to implement them” (Lapkin et al., 2008).

Definitions for solution architecture are very few in the literature and usually imply

different ideas. For instance, Haren (2011) defines solution architecture as “A
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description of a discrete and focused business operation or activity and how IS/IT
supports that operation. A Solution Architecture typically applies to a single project or
project release, assisting in the translation of requirements into a solution vision, high-
level business and/or IT system specifications, and a portfolio of implementation tasks”.
Besides, Banerjee and Aziz (2007) viewed that “solution architecture describes the
components and elements required to deliver a solution successfully, how they fit
together and the core technologies required”. The former definition is more from a
business viewpoint while the latter is more from a technical viewpoint. Taken together,
solution architecture is a high-level solution design that satisfies the business needs of a
project. Solution architect is usually responsible for this design, ensuring the

alignment between the business and the IT.

Application architecture is “a description of the structure and interaction of the
applications as groups of capabilities that provide key business functions and manage
the data assets” (Haren, 2011). Basically, application architecture describes the
architectural design within individual applications in addition to their ways of
interaction with each other for some specific business process or functionality.
Technical lead is the role in charge for the development of detailed application
architectural design.

2.4.3 Architectural Design Decisions

According to Jansen and Bosch (2005), software architecture is a set of Architectural
Design Decisions (ADDs). Also focusing on ADDs but with a slightly different view,
Bass et al. (2012, p72) state that software architecture can be viewed as the result of
applying a set of ADDs. Both views highlight the importance of ADDs for architecture.
Thus, ADDs as Kruchten (2004) put it, can be viewed as the first-class entity for

representing software architecture.

In fact, ADDs are receiving more attention and popularity, as concluded by Tofan et al.
(2014), through a systematic mapping study covering published studies on ADDs
between January 2002 and January 2012. Moreover, the bulk of these studies
concentrate on documenting and categorizing ADDs to better capture, preserve,

manage and reuse architectural knowledge (Tofan et al., 2014).
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So, what would count as ADDs? Bass et al. (2012, p72-76) provided a rational and
systematic categorization of ADDs which offers insightful information on what ADDs
might concern. This categorization encompasses seven categories: allocation of
responsibilities; coordination model; data model; management of resources; mapping
among architectural elements; binding time decisions; choice of technology. To be
more specific, for instance, ADDs about allocation of responsibilities entail decisions
for how to allocate significant responsibilities to system elements (Bass et al., 2012).
These significant responsibilities include key functionalities, quality attributes and
architectural infrastructures. ADDs about coordination model decide the properties and
communication mechanisms between systems elements that need to coordinate (Bass et
al., 2012). Data model is another concern or type of ADDs that embodies decisions to
choose the major data abstractions, their operations and properties, and to compile

necessary metadata and structure the data (Bass et al., 2012).

2.4.4 Architecture Evaluation and Reviews

Architecture evaluation and review is the process to determine whether an architectural
design meets its intended purpose (Bass et al., 2012, p397). More precisely,
architecture review is “to understand the impact of every architecturally significant
decision (ASD) on every architecturally significant requirement” (Obbink et al., 2002).
Here the ASD is the same as the ADDs introduced in the previous section. By the
definition, the architecture review should assess the relationship and cross influences
between ASRs and ADDs, ensuring that the ASRs have been addressed by the ADDs.

So, it demands to establish a mapping from ASRs to ADDs, or vice versa.

One well known method for architecture evaluation / review is Architecture Tradeoff
Analysis Method (ATAM), developed by the Software Engineering Institute (Kazman
et al., 2000). The main activities in ATAM include: present the business drivers,
present the architecture, identify and analyse architectural approaches; the primary
inputs for carrying out ATAM include a concise presentation of the architecture and an
articulation of the business goals (Kazman et al., 2000). Then, the primary outputs
include a set of risks and tradeoff points, in addition to mappings of ADDs to quality
requirements. Besides, participants in the ATAM usually include: the evaluation team

which is a group external to the project under evaluation; project decision makers who
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have the power / authority for the project; and architecture stakeholders that have a

vested interest in the architecture such as performance engineers (Kazman et al., 2000).

The above description is meant to exemplify and provide a brief overview of an
architecture review method. To perform architecture evaluation like the ATAM is
resource consuming and costly. However, by doing it there are several benefits in
addition to uncovering problems in the architectural design. These benefits include
forcing an articulation of quality goals and resolving conflicting ones through
prioritization, as well as fostering opportunities for cross-project reuse (Clements et al.,
2002).

2.4.5 Summary

Software architecture plays a central role in system development and evolution, and so
do software architects. Nowadays there exist many different types of architecture and
architects. In this thesis, three types of architectures are distinguished, including
enterprise architecture, solution architecture and application architecture. In essence,
the main difference lies in the architectural scope which characterizes the concerns on
which each type of architecture focuses. No matter what kind of architecture it is,
ADDs are its first class entities which have become a hot spot to researchers. Regarding
what ADDs concern about, seven categories of ADDs are outlined with some insights
in each category. Furthermore, it is clear that research studies on ADDs are increasing,
and most of these studies focus on the documentation and categorization of ADDs. At
the end, architecture evaluation and reviews is introduced, focusing on its purpose,

typical method and benefits.

2.5 The Intertwining between Software Requirements and

Architecture

2.5.1 The Inevitable Intertwining

It has become a truism that requirements drive architectural design. On the other hand,
however, architecture also influences requirements. Over years, the intertwining
between requirements and architecture has been identified by both researchers and

practitioners. Examples of support for this intertwining can be found as follows:
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1)

2)

3)

4)

5)

Nearly 40 years ago, Alford (1979) produced a technical report based on a one-year
study of requirements problems in the development of complex weapon software
systems. In the report, the author acknowledged that certain requirements on lower
levels of development would follow from design decisions at a higher level.
Besides, the author explained that there exist some requirements which are
essentially already-made design decisions and they are referred as requirements by
choice.

Swartout and Balzer (1982) pointed out the ‘inevitable intertwining’ between
specification and implementation, arguing that implementation choices can
stimulate modification or augmentation in requirements. It is reasonable to assume
that some implementation choices are architectural.

With the increasing popularity and maturity in software architecture that has
occurred since the late 80’s, the role of software architecture in RE was discussed
by a panel of experts in the 90’s (Garlan et al., 1994). In the panel, Michael Jackson
highlighted that it is difficult to separate requirements from architecture and listed
four reasons. For instance, considering architecture in advance helps to understand
and define requirements. Also in the panel, Nancy Meade proposed that "software
architecture must be considered during requirements engineering to ensure that the
requirements are valid, consistent, complete, feasible, etc."

In the context of developing COTS-based systems, Brownsword et al. (2000) found
that requirements and architectural design can mutually influence each other and
hence they proposed that requirements and architecture should be considered
simultaneously for their definition and trade-offs.

Cole (2006) emphasized the changing role of architecture that architecture can

define requirements in system of systems context.

The main, underlying reason for this intertwining lies in the fact that requirements are

usually defined without considering the architecture, due to the commonly advocated

separation of the “what” from the “how”. Regarding this, McDermid (1994) stated that

“the requirements can only be finalised once an architecture has been produced”, thus

advocating analysis of architectures as an essential part of requirements analysis,

especially for complex projects. Similarly, Dvorak, the lead for the NASA software

architecture review board, viewed requirements as the end result of an architecting

process and architecting as the process for reconciling the many different competing
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concerns from stakeholders (Mirakhorli and Cleland-Huang, 2013). Without
considering the architecture, the resulting requirements can lead to rework later because

the requirements may be:

1. incomplete, as considering the architecture may inspire new requirements (Woods
and Rozanski, 2011). For instance, architectural families can induce constraints on
requirements in a software product line (Garlan et al., 1994).

2. (architecturally) infeasible or too costly to implement (Garlan et al., 1994; Savio
and Suryanarayana, 2012).

3. containing conflicts which in some cases can only be identified through an
understanding of the design (McDermid, 1994).

2.5.2 The Rising Popularity and Criticality

The previous section demonstrates the intertwining nature of requirements and
architecture. Their relationship, however, especially the influence from architecture to
requirements has not been comprehensively or widely investigated yet. In recent years,
software systems are becoming more complex and ubiquitous, and more importantly
the RE environment is changing as described in Section 2.3.4. Consequently, the role of
software architecture is gaining more weight on RE (Jarke et al., 2011; Mirakhorli and
Cleland-Huang, 2013; Whalen, 2013). In this context, the research on the relationship
between requirements and architecture has witnessed a surge of criticality and

popularity. Examples of the research include:

1) A special issue in IEE Proceedings Software was dedicated to the topic of Relating
Software Requirements and Architecture in 2005 (Hall et al., 2005).

2) A book titled Relating Software Requirements and Architectures is published which
includes both academic research and industrial experiences regarding this topic (eds.
Avgeriou et al., 2011).

3) Two series of workshops emerged to address the relationship between requirements
and architecture in particular. One is the two international SofTware Requirements
to Architectures Workshops (STWAW) in 2001 and 2003, and the other is the
international workshops on the Twin Peaks of requirements and architecture in
2012, 2013 (two workshops held in this year), 2014, and 2015. Based on the

research topics of their accepted papers, the former exhibits a focus primarily on the
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relationship from requirements to architecture, while the latter emphasizes more on

the relationship from architecture to requirements and their intertwining.

Apart from these venues mentioned above, there are a few other studies investigating
the relationship between requirements and architecture, and furthermore proposing
methods to close the gap between them. To exemplify that, the following three sections
review important research studies in this area. These studies are divided into three
categories for the focus of these studies mainly fall in three types, namely, from
requirements to architecture, the co-development of both, and from architecture to

requirements.

2.5.3 From Requirements to Architecture

Most research on relating requirements and architecture focuses on facilitating the
transition from requirements to architecture (Galster et al., 2009; Liu, 2009). Galster et
al. (2009) reviewed and evaluated research studies mainly focusing on this transition,
such as rule-based decision making and architecture description language, and
indicated that more fundamental and further research is needed to really understand the

relationship between requirements and architecture, and close their gap.

Regarding research in this type, for example, Grunbacher (2001) proposed the CBSP
(Component-Bus-System-Property) approach to refine architectural requirements by
leveraging a collection of architectural concepts including components, buses, topology
of the (sub-)system, and their properties. Through assessing which architectural
concept(s) an architectural requirement has addressed, the requirement can then be
refined accordingly to explicitly exhibit these contained architectural concerns. For
instance, an example in the paper is that a requirement concerning bus properties,
“Updates to system functionality should be enabled with minimal downtime” can be
refined into “Robust connectors should be provided to facilitate runtime component
addition and removal”. To apply the CBSP approach, however, one has to identify
which requirements have architectural implications, and the CBSP approach does not
provide any insight or systematic method in this regard. Instead, it relies on the
judgment by a team of architects.
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2.5.4 Co-development of Requirements and Architecture

Some researchers try to link requirements and architecture by proposing models or
approaches to promote their co-development and co-evolution. Insofar as the author is
aware, all these proposals are conceptual and lack empirical validation. Examples of

these are listed as follows.

Nuseibeh (2001) proposed the twin-peaks model, illustrating the co-development of
requirements and architecture in an incremental and iterative fashion. However, it does
not provide a detailed systematic guidance regarding to how this iterative co-
development might be done. Pohl and Sikora (2007) proposed the COSMOD-RE
method to support the co-development of requirements and functional architecture by
providing a systematically structured process. This method emphasizes the use of the
proposed architecture solution to validate existing requirements and discover new
requirements. The proposed process outlines activities that should be taken and
corresponding artefacts that should be delivered at four abstraction levels, namely,
system, functional components, hardware/software components, and finally software
deployment level. However, this method mainly focuses on dealing with functional
requirements and remains conceptual as lacking of empirical validation. Pimentel et al.
(2012) utilized the i* modelling framework (Eric, 2009) to represent both requirements
and architectural concerns in one single model so that the co-evolution of requirements
and architecture can be better managed. However, it provides no explanations or

insights on the cross-influence between requirements and architecture.

2.5.5 From Architecture to Requirements

Studies in this category focus on the influence from architecture to requirements. Some
aim at understanding the influence; some aim at advancing RE through the influence.
The number of such studies is relatively small but is increasing, especially for ones

reflecting industrial practices.

Miller et al. (2009) conducted a controlled experiment which found that students with
architectural knowledge discovered more architecture-relevant requirements than those
students without. Meanwhile, the former group exhibits more focus on technological
needs and less on user needs when eliciting requirements. But no empirical study from

industry has supported that finding yet.
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Savio and Suryanarayana (2012) reported two industrial examples where introducing
some new requirements would have caused a significant amount of difficult and
unanticipated redesign of existing architecture. That is because the constraints from the
existing architecture, technical environment and available resources etc. have not been
considered. The authors then posed the question: how to make the dependencies among
the system’s functional requirements, associated quality attributes and constraints
visible to requirements engineers? To this respect, the authors suggested that the
requirements engineers and architects should communicate more to understand the
impact of requirements on the existing implementations before agreeing on the

requirements.

Schwanke (2003) presented an architecture-centred reference process for engineering
architectural requirements. This process emphasizes the involvement of architecture
concepts and description to ensure the completeness, consistency and validation of
architectural requirements by reviewing requirements artefacts against those
architecture artefacts. However, this process seems demanding of extensive time and

human efforts, and still lacks any empirical validation for its feasibility and efficiency.

2.5.6 Summary

To sum up, the intertwining between software requirements and architecture has been
recognized for years; yet it is not until in recent years, the relevant research has gained
dedicated attention and the volume has increased significantly. In general, the bulk of
the research focuses on facilitating the transition from requirements to architecture,
proposing means such as requirements refinement. Methods for this transition are
abundant. Nonetheless, with the changing RE environment nowadays, software
architecture plays an increasingly important and even central role in RE. The
intertwining between them, especially from architecture to requirements, is becoming
more evident and critical. However, research in this regard is limited. Furthermore,
they exhibit a focus on either functional or non-functional requirements instead of
treating them as an integrated whole. Therefore, to improve requirements decision
making in contemporary RE, it is imperative to handle the intertwining relationship
between requirements and architecture, and to shift the focus of requirements to

architectural requirements.
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2.6 The Emerging Concept of Architecturally Significant

Requirements

2.6.1 Definition and Related Terms

The preceding section describes four critical issues relating to requirements and
architecture. These issues have given rise to the emerging concept of Architecturally
Significant Requirements (ASRs). The term ASRs was coined by Jazayeri et al. in 2000
(as cited in (Asif, 2002)) to indicate “the major concerns that should be addressed by
proper software architecture”. ASRs were viewed as part of architecture description by
a group of experts who discussed and produced a report for guiding software
architecture review and assessment (Obbink et al., 2002). In the report, they also
emphasized that the architect should be responsible for developing ASRs from

architectural concerns.

Although the term ‘architecturally significant requirements’ was firstly introduced in
2000, similar concepts disguised in different terms have been researched before and
after its emergence. Table 2-3 outlines six important studies related to ASRs. Despite
using distinct terms, these studies have all addressed the idea of ASRs in terms of one
shared focus; and that is: what influences architecture or the choices of architectural
decisions. For instance, the term “architectural influences” was used by Clements (1995)
to indicates the influences considered for selecting an architecture. In contrast, for the
same concern in terms of choosing architectural design decisions, van Heesch et al.

(2012) used another term “forces”.
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Table 2-3. Influential research works related to ASRs

Source Term Used Definition

(Clements, Architectural “the influences at work in the selection of an architecture”

1995) influences

(Schwanke, Factors “A factor is any fact that is likely to constrain or otherwise
2003) influence the architecture. Some factors can be written as

requirements, but others cannot be so rigorously stated.”

(Bass et al., | ASRs Requirements that “have a significant impact on an architecture”
2006)

(Tang et al., | Factors That “influence their (the participants in the survey) design
2006) choices”

(van Heesch et | Forces “A force is any aspect of an architectural problem arising in the
al., 2012) system or its environment (operational, development, business,

organizational, political, economic, legal, regulatory, ecological,
social, etc.) considered when choosing among the available
decision alternatives.”

(Chen et al., | ASRs Requirements that “have a measurable impact on the software
2013) system’s architecture”

The scope of what each term really implies, however, is distinguishable. To sum up,
they exhibit two spectrums of scope when considering what influences architecture.
One spectrum including terms from (Clements, 1995; Schwanke, 2003; Tang et al.,
2006; van Heesch et al., 2012) is broader. For these terms, they include any aspects or
facts that could make an impact on the architecture, e.g. architects’ experience and
preference. The other including (Obbink et al., 2002; Bass et al., 2006; Chen et al.,
2013) solely focuses on the requirements, excluding factors such as architects’

experience.

For this thesis research, the term ASRs is used and more importantly the requirements
are the focus. Therefore, it is worth emphasizing that the ASRs in this thesis only
indicate requirements that have measurable or significant impact on the software
architecture. However, it remains unclear from the literature that how measurable or
how significant the impact should be in order to be architecturally significant. In other
words, there is a lack of precise knowledge on defining and identifying ASRs, and that

is the focus of this research.
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2.6.2 Categorization and Content of ASRs

Back in the 90’s, Clements (1995) enumerated a catalogue of architectural influences
that affect architectural decision making based on a set of case studies on large
software-intensive systems projects. These architectural influences include, for instance,
project-related influences such as driving functional requirements and driving
performance requirements, organization-related influences such as existing tools and
infrastructures and organizational goals, and architecture-related influences such as
architects’ experience. Overall, the project-related influences are essentially
requirements, and those driving requirements imply that they are viewed by architects
as difficult to be satisfied (Clements, 1995). The organization-related and architecture-
related influences are contextual, often associated with the project development
environment. Additionally, some of these influences, such as the existing tools, are

often constraints in general.

Later on, Schwanke (2003) used ‘factors’ to refer to ‘any fact that is likely to constrain
or otherwise influence the architecture’. Adopted from the global analysis method
developed in Siemens Corporate Research, these factors are divided into three types:
product factors (typically derived from features); technology factors, including
technologies available for implementation; organizational factors, including properties
of the company or other competing organization. Similar to Clements’ categorization
on architectural influences, Schwanke’s categorization also has two parts of concerns:
product factors concern the requirements of the product which are the primary
influences on the architecture, while the technology and organizational factors are
contextual aspects of the organization and the external technology solutions relative to
the product. For instance, a product factor may concern functional features and failure
detection; a technology factor may concern hardware and software technologies and
standards such as the implementation language; an organizational factor may concern

build versus buy and time to market issues (Hofmeister et al., 2000).

Also termed as ‘factors’ is a study by Tang et al. (2006) aiming at finding out
architecture design rationale. They conducted a survey on practitioners who have had
architectural design experience and received 81 valid responses. Based on the data,
they concluded with a set of factors that “influence their (respondents) design choices’.

These factors are classified into three categories, including 18 concrete types of factors.
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These factors, for example, include: business goals oriented factors, such as enterprise
strategies, organizational standards and management preferences; requirements
oriented factors, such as buy vs. build decisions and to fulfil significant functional and
non-functional requirements; and constraints and concerns, such as viability of
solutions, current IT architecture and capabilities, technology and tools availability, and
time to market. These factors discovered by Tang et al. exhibit a wide range of
concerns. In general, they are derived from heuristics. The majority of them are context
factors such as organizational standards, current IT architecture and capabilities and the
time to market. These factors can not only influence architecture but also shape

requirements.

More recently, van Heesch et al. (2012) proposed the notion of ‘forces’ on architecture
decisions where “a force is any aspect of an architectural problem arising in the system
or its environment (operational, development, business, organizational, political,
economic, legal, regulatory, ecological, social, etc.) considered when choosing among
the available decision alternatives”. This decision forces viewpoint is considered as one

dimension of their architecture decisions framework.

All the work described above has addressed ASRs in the sense that ASRs is one
constituent part of their so-called architectural influences, factors, or forces. However,
none of the above work has delved deeper into ASRs in particular. Furthermore, their
conception of ASRs is still largely constrained by the division of functional and non-
functional requirements. Fortunately, there are a few other research studies addressing
ASRs per se.

Eeles (2005), a senior IT architect in IBM, classified ASRs using the FURPS+
classification system devised in Hewlett-Packard. FURPS stands for Functionality,
Usability, Reliability, Performance, and Supportability. Eeles explained that the latter
four are quality attributes generally considered architecturally significant. The “+”
indicates additional concerns, usually constraints, such as design requirements,
implementation requirements, interface requirements, and physical requirements. For
instance, the implementation requirements may concern resource limits and
implementation languages. Regarding functionality, ten architecturally significant
functions are enumerated including auditing, licensing, localization, mail, online help,

printing, reporting, security, system management, and workflow.
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Besides, Bass et al. (2006) briefly defined ASRs as requirements that ‘have a
significant impact on an architecture’, and emphasized that ASRs must be coupled with
the business and mission goals for the system. They further summarized that ASRs may
arise from: quality attributes, volume of functionality, architecting for a family of

related systems, choice of technologies, and deployment and operations.

2.6.3 Identifying ASRs

The last section has provided an overview of what can influence architecture, including
what kind of requirements might be viewed as ASRs in a general sense. All in all, these
ASRs encompass some functional requirements and many NFRs including quality
attributes and constraints. However, not all NFRs are ASRs. This can be seen from the
empirical findings by Eckhardt et al. (2016). They examined 11 industrial requirements
specification documents and found that roughly one quarter of the identified NFRs, 530
NFRs in total, are addressing architectural aspects of a system. Yet within these one
quarter NFRs, only a few actually clarify architectural aspects, such as efficiency,
maintainability, and portability. That is to say, three quarters of the overall NFRs are
not impacting the architecture, and the other quarter which would impact the
architecture are poorly specified.

ASRs are important but often overlooked. This is also pointed out by Eeles (2005),
emphasizing that ASRs are difficult to identify. The difficulty arises from the fact that:
ASRs are less visible than those domain-specific requirements and most stakeholders
are not familiar with most ASRs. Consequently, stakeholders tend to neglect some
ASRs because of their ignorance. To this respect, Eeles (2005) has proposed a
questionnaire-based approach to capture ASRs. The idea is first to maintain a complete
list of ASRs “regardless of whether all items are relevant to a particular project”, and
then to formulate questions around each ASR in the list. At the end, one should show
every question to stakeholders in the requirements process and capture stakeholders’
responses. One given example of the questions concerning licensing is “will the system,

or parts of the system, be licensed?”

Eeles claimed that this approach is possible. However, it is difficult and maybe

impossible to ensure a complete list of ASRs, because the architectural significance of

one requirement may depend on many factors, such as the presence or absence of

another requirement and the project context, etc. Furthermore, this approach does not
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provide a theoretical method to help identify and justify whether an existing
requirement is architecturally significant.

Cleland-Huang et al. (2013) demonstrated a persona-driven approach to capture ASRs.
It is to elaborate quality requirements as user stories based on the assumption that
quality concerns are architecturally significant. So this approach only focuses on
capturing quality concerns. Furthermore, it does not demonstrate when and why a user
story of a quality concern counts as an ASR. After all, there are some quality concerns
not architecturally significant, such as some usability requirements concerning

attractiveness, e.g. “the screen layout and colour shall be appealing”.

Anish et al. (2015) demonstrated that functional requirements, apart from NFRs, also
have architectural impact by interviewing eight software architects. They identified
twelve categories of architecturally significant functional requirements, encompassing
audit trail, batch processing, localization, communication, payment, print, report,
search, third party interaction, workflow, online help, and licensing. These categories
are then applied in a tool for automatically identifying architecturally significant
functional requirements from requirements documents. Additionally, a list of probing
questions is elaborated to facilitate BAs to create a more complete requirements
specification. An example of the probing questions concerning localization would be
“whether localization should be triggered automatically or should be on a manual
basis”. This approach about probing questions is similar to the approach of Eeles, both
relying on predefined ASRs and ASRs-related questions to help gather ASRs.
Moreover, this approach only focuses on functional requirements, not providing means
to identify ASRs in general.

Studies deliberately dedicated to how to identify ASRs are limited. So purposefully
included here is the study by Lianping Chen et al. (2013) who presented a framework
to characterize ASRs. The authors conducted a grounded theory study based on email-
interviews with 90 practitioners of roles varying from architects to managers. The
derived framework consists of four facets of characteristics and 17 characteristics in
total. The four facets are definition, descriptive, indicators, and heuristics. To be more
precise, for instance, some prescriptive characteristics of ASRs include: hard to define
and articulate, tend to be described vaguely and neglected from the beginning,

subjective and situational, while some indicators of ASRs include wide impact,
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targeting tradeoffs and difficult to achieve (Chen et al., 2013). According to the
heuristics, potential ASRs may arise from quality attributes, core features, constraints

and application environment (Chen et al., 2013).

In the paper, Lianping Chen et al. (2013) claimed that “significant impact on the
architecture” is the “overall distinguishing characteristic of ASRs”, while a significant
impact is ultimately determined by high cost of change. However, whether the cost of
change is high or not is still difficult to measure, mainly dependent on the judgement of
some experts (e.g. architects). Besides, most of the identified characteristics are
conceptual and imprecise. For instance, the characteristic “wide impact” is imprecise as
Chen et al. did not define how wide an impact should be to indicate the architectural
significance of a requirement. Therefore, the framework is not practical enough to help
practitioners, e.g. business analysts, technical leads new to a company, to recognize and

identify ASRs as efficiently and correctly as possible.

2.6.4 Summary

Overall, there is an increasing amount of research focusing on or associated with ASRs
in recent years. However, none of these works have given a useful definition for the
term ASRs. Furthermore, none have clarified comprehensively why a requirement is
architecturally significant or not. In other words, there still exists a lack of knowledge

addressing how to identify ASRs.
2.7 Conclusion

This chapter reviews the relevant literature regarding the topics with which this thesis is
concerned. Specifically, it introduces some basic concepts in both RE and software
architecture areas, such as levels of requirements, context and architectural design
decisions. Furthermore, it shows the increasing intertwining between requirements and
architecture; and suggests that considering requirements from an architecture

perspective could benefit requirements decision making.

As a corollary, the notion of ASRs is introduced as a sweet spot for addressing the
problems identified. The reasons include: first, ASRs help address the intertwining
between requirements and architecture because ASRs are not only the key output in the

requirements process but also the key input for architectural design (Obbink et al.,
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2001). Second and more importantly, ASRs as the very requirements that influence the
architecture (Clements and Bass, 2010), are the first-class entities in requirements
decision making in the contemporary RE environment (Jarke et al., 2011). Therefore,
introducing and leveraging ASRs in requirements decision making is necessary.
However, research on ASRs is still immature, especially on how to identify ASRs. To
fill this gap is what this research is aiming at.

More specifically, this chapter highlights four areas of concern in improving
requirements decision making, which are particularly evident in large software-
intensive systems development environment. Firstly, there is a need to adapt to the
changing RE environment. Within this area, two main challenges need to be addressed.
One is to understand the intertwining of requirements with the organizational and
implementation contexts where requirements decisions are made. The other is to

investigate what are architectural requirements and how to identify them.

Secondly, there is a need to balance the requirements levels so that not too many details
and premature designs are involved in requirements definition and meanwhile not too

high-level or omitting any important information.

Thirdly, it is promising to integrate functional and non-functional requirements,
especially when facing the changing RE environment today with architecture serving as
a central, driving role. Lastly, accommodating the intertwining between requirements
and architecture is critical. To achieve that, shifting the focus of requirements from the
traditional functional/non-functional view to the architectural perspective seems to be
the trend.
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Chapter 3  Research Methods and Study Design

The aim of this chapter is to justify the research methods and present the study design
that has been applied in this thesis. To this end, a variety of empirical methods in
software engineering research is reviewed. Following that, the study design of this
research is presented, highlighting the justification for the use of a mixed research
method. In light of the study design, the research processes for the first three research
questions are described respectively, with an emphasis on details regarding data
collection and data analysis. Finally, the research approach for validating the study is

elaborated.
3.1 Empirical Methods in Software Engineering Research

Although empirical research in software engineering is not as well-developed as in
social science, a group of software engineering researchers, such as Seaman (1999),
Easterbrook et al. (2008), and Wohlin et al. (2012), have offered guidelines on selecting
and applying empirical methods. For instance, Easterbrook et al. (2008) believe that
there are five classes of empirical research method that suits best in software
engineering, and explained how to select each method respectively. In what follows,
the five empirical methods are described with an emphasis on the situation in which

they are suitable to be adopted.

Controlled experiment — suits best when there is already a clear, testable hypothesis and
thus by controlling the independent variable(s) their effect on the dependent variables is
measured (Easterbrook et al., 2008). Experiments are often employed to answer
causality / relationship questions, such as “Are X and Y related?” (Easterbrook et al.,

2008), and also to compare different techniques and methods, etc. (Wohlin et al., 2003).

Case study — is viewed as a means to investigate a contemporary phenomenon within
its naturalistic settings (Yin, 2013). From case studies, an in-depth understanding of the
studied phenomenon can be obtained, such as explaining “how and why certain
phenomena occur” (Easterbrook et al.,, 2008). Thus, case studies are suitable for
answering how and why questions (Yin, 2013). They are also often used to evaluate
software engineering methods and tool (Wohlin et al., 2003).
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Survey — is often used when a broad population of individuals needs to be covered
(Easterbrook et al., 2008), aiming at developing a generalized prediction based on the

sampled population.

Ethnography — concentrates on field observation, with a focus on the community to
understand how people of the community make sense of their interactions (Robinson et
al., 2007). It is appropriate to answer ‘how’, ‘why’, and ‘what’ type of research
questions, often providing rich understanding of practices (Robinson et al., 2007).
Participant observation is a special form of ethnography where the researcher becomes

a member of the studied community (Easterbrook et al., 2008).

Action Research — “aims to contribute both to the practical concerns of people in an
immediate problematic situation and to the goals of social science by joint
collaboration within a mutually acceptable ethical framework” (Rapoport, 1970).
Hence, action research suits for situations where researchers are engaged in a close
collaboration with practitioners (Avison et al., 2001). More importantly, it aims to not

only investigate the problems of the observed situation but also improve the situation.

The last two types of empirical approach are relatively new but important to software
engineering research since the social, cultural and human aspects of software
development are receiving more attention (Dyb&et al., 2011); also new are another two
approaches which are gaining growing recognition in software engineering research,
namely grounded theory (Stol et al., 2016) and design science (Wieringa, 2009). In the

following, the two approaches are described briefly.

Grounded theory — is “a way of thinking about and conceptualizing data”, for which the
underlying rationale of theory to be grounded is to develop theory “through interplay
with the data collected during research projects” (Strauss and Corbin, 1994). This
method aims at generating theory rather than testing or validating existing theory and
thus it is especially suitable for exploratory research when little is known in the
literature (Stol et al., 2016).

Design Science — is an iterative, problem-solving approach that distinguishes but also
nests two kinds of problems, namely practical problems and knowledge problems
(Wieringa, 2009). It aims at solving practical problems by creating artefacts or

improving things (i.e. proposing solutions) so as to serve human purposes, while the
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analysis of the practical problems and the evaluation of the proposed solution count as
knowledge problems (Wieringa, 2009).

Two research paradigms exist in empirical studies, namely qualitative research and
quantitative research. The latter is often used for quantifying a relationship or
comparing different methods, etc., based on quantitative data, e.g. numbers (Creswell,
2013). In contrast, the qualitative research aims at explaining and understanding
phenomena with the study subject usually being persons and acquires narrative data
such as texts (Wohlin et al., 2003). Regarding the empirical methods described
previously, the controlled experiment is purely quantitative (Wohlin et al., 2003), and
the survey may be either qualitative or quantitative while all the rest can be used for

qualitative research.
3.2 Study Design
3.2.1 The Study Design Overview

The study design links the research questions to the research methods. As stated by
Easterbrook et al. (2008), the selection of research methods should depend on the types
of research questions; that is to say, the selected methods must be appropriate for the
research questions. Specifically, Easterbrook et al. (2008) distinguish two classes of
research question, namely knowledge questions and design questions: the former
concerns the way the world is, which is what empirical research usually focuses on; the
latter concerns designing solutions to improve the software engineering practice. Of
these, it is evident that the first three research questions, outlined in Table 3-1, of this
thesis study are knowledge questions while the last one (i.e. how to use findings from
the previous questions to improve the requirements (and architecture) decision making?)
is a design question. To address these knowledge questions, a mixed empirical method
is applied.

The rationale for this design choice is out of pragmatism, which emphasizes a practical
and outcome-oriented approach for “selecting methodological mixes that can help
researchers better answer many of their research questions” (Johnson and Onwuegbuzie,
2004). Being a pragmatist, the researcher was free to choose whatever research method
that is best suited to answer the research questions at hand. Therefore, mixed research
methods were applied for the study.
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Table 3-1 depicts an overview of the study design. The justification for the use of each
research method is reserved in the following Section 3.2.2.

Table 3-1. Research methods used to address knowledge research questions

Knowledge questions Research method Described in

RQ 1. How are requirements decisions made in Participant observation Section 3.3
enterprise software development?

RQ 2. What are the requirements challenges and | Survey Section 3.4
issues facing practitioners as well as
opportunities for improvement?

RQ 3. How to identify Architecturally Significant Grounded theory Section 3.5
Requirements (ASRs)?

3.2.2 Justification for the Use of Mixed Research Methods

Sjoberg et al. (2007) advocated that more software engineering research should employ
empirical methods and develop theory upon empirical evidence, and hence suggested to
build tighter collaborations between academia and industry. Similarly, Morris et al.
(1998) have concluded a lesson from the workshop on problems of industrial uptake in
RE, asserting that “RE is tightly linked to the industrial environments in which it is
employed. It is impossible to consider it independently from its application”.
Furthermore, evidence has shown that the volume of empirical research in software
architecture has increased since 2005 (Galster and Weyns, 2016). More importantly,
the first three research questions as outlined in Table 3-1 are knowledge questions

which are of empirical nature.

With these perspectives described above, this research is positioned to employ
empirical research methods. As the three knowledge questions exhibit different
characteristics and research purposes, different empirical methods are then selected

accordingly.

Specifically, for RQ 1 the research design aims to obtain an in-depth understanding of a
practice, i.e. requirements decision making in enterprise software development which

occurs in the real-world settings. Moreover, it focuses on the role of various
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stakeholders and the influence from organizational and implementation context on the
decision making. Considering the variety of variables to be investigated, rich and
extensive empirical data must be collected to answer this question. To achieve this, the

participant observation method is very appropriate.

For RQ 2, the research aims to discover the current status of requirements practice,
focusing on requirements challenges, issues and opportunities facing practitioners. For
this type of research question with a clear objective, survey is often used. A good
example in this kind is the study by Neill and Laplante (2003) who conducted an online

survey to investigate the current state of practice in RE.

For RQ 3, the research is exploratory since the literature shows little knowledge
regarding how to identify ASRs. To answer this question, a new theory should be
developed instead of testing existing ones. In this context, grounded theory suits well to

construct new theories and address an exploratory research question (Stol et al., 2016).

In what follows, the detailed research approach and study process are described

respectively for the three research questions described above.
3.3 Research Approach for RQ 1: Participant Observation

To address RQ 1, a participant observation study was carried out. This study took place
in the IT department of a large multinational telecommunication company, Avaya Inc.,
where the author was hired as an employee. It spanned a total of 12 months, comprising
a three-month observation with 37.5 hours per week, and further nine-month
collaboration with 20 hours per week for six months and 10 hours per week for the later
three months. During the 12 months’ study, the researcher was situated in one of the
many branches of the IT department in Galway, Ireland, working closely with two
solution architects (both remotely), and four Business Analysts (BAs) (all locally) and
three technical leads (two locally and one remotely). These practitioners are all very
experienced with an average of over 15 years working experience in software

development.

To note, the presence of the researcher in the studied company may have influenced the
behaviour of the practitioners in the company in a positive way. In the early stage of
her employment, it triggered some reflection among practitioners. This has been

acknowledged by the two solution architects who stated in one meeting that her
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presence can make the BAs be more aware of their responsibilities. In this kind of
research, the impact of a researcher is inevitable (Douglas and Johnson, 1977).
However, as the researcher was hired as an employee for an extended period. Over time,
the impact of her presence would be minimised (DeWalt and DeWalt, 2011).
Additionally, the size of the IT department is big with over 800 employees globally,
which also helps minimise the impact.

The IT department is responsible for operating and managing the various IT systems
the company has and delivering IT projects primarily in an in-house and global
development fashion. Its IT systems mainly focus on e-commerce (used by distributors,
partners and direct customers), and enterprise resource planning, e.g. supply chain
management, sales, accounting, and Customer Relationship Management (CRM). In
general, the view is taken that this is an enterprise software development environment.

More details of the studied environment are introduced and elaborated in Section 4.2.

As RQ 1 concerns how requirements decisions are made, requirements decisions are
specific to and vary dependent on individual IT projects. To fully address RQ 1,
multiple IT projects, therefore, need to be studied. This is called a multiple-case study,
considering IT projects as the units of analysis. In the course of the study, data are
mainly collected via three means: observations in requirements activities; requirements-
related documentations of IT projects; and meetings and conversations with

practitioners.

Observations in requirements activities and three case stories — while in the
company, the researcher chose projects to observe based on two criteria: the selected
projects should be of different types; and they should be in charge by a BA who is
geographically on-site with the researcher so that the researcher can communicate with
the BA more conveniently and frequently. Upon projects of interest being selected, the
researcher contacted the relevant BA to request for inclusion in all the requirements
meetings and workshops, which are dominantly in the form of web-conferences.
Observation notes were written during and after the workshops, mainly focusing on
who participated in the workshop and what tasks and contributions they made during

the workshop.

To address RQ 1, three projects observed by the researcher are chosen to analyse in

depth and at length. The three projects are essentially three case stories which are
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elaborated in Chapter 4. To note, the researcher participated in 8 out of the total 12
requirements workshops for case story 3, while participating in four workshops in the
other two case stories due to time conflict reasons. However, the researcher obtained
complementary information from other sources as described in the following two

paragraphs.

Meetings and conversations with practitioners - the researcher had weekly meetings
with the two solution architects mentioned earlier in the course of the nine-month
collaboration, each meeting lasting from 30 to 90 minutes. In those meetings, rich
information was discovered concerning the requirements and architecture process as
well as the different types of projects carried out in the department. In addition, the
researcher had many conversations with the BAs on-site, from which background
information about the stakeholders in those observed projects were obtained. More
importantly, those BAs usually elaborated on their past experience of working on the
different types of projects, sharing their insights on who were the important

stakeholders, and whose participation helped, to what extent and in what ways, etc.

Requirements-related documentations of IT projects — the project proposals and
different versions of the Business Requirements Specification (BRS) were collected for
the three observed projects in this study. In addition, the minutes of all requirements
workshops for case story 3, produced by the BA, were collected. All these documents
were either provided by the relevant BAs or discovered by the researcher through

searching the company’s documentation repository.

Analysis - Having collected all the data as described above, the Atlas.ti software
(Friese, 2013) application was used to facilitate the analysis mainly for the
requirements-related documentation. To start with, 6 BRS documents including the
project proposals with an average of 30 pages each were thoroughly read and coded in
Atlas.ti. Coding indicates the assignment of labels to phrase(s) or sentence(s) of the
data that depict the content or meaning of coded data (Charmaz, 2014, P3). Coding
these documents in this study has a variety of focuses. For instance, the updating
records in the revision history of the BRS are coded with emphasis on who triggers the
updates and when, since these are concrete evidence reflecting contributions made by
different stakeholders in the course of requirements decision making. Also,

requirements in the form of premature design decisions in the BRS are coded.
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Information for who contributed to those premature decisions and when are
complemented by workshop minutes, observation notes and BAs’ feedback. Meanwhile,
workshop minutes and observation notes were thoroughly read and information on who
did what, by which means and when was noted and extracted. Following that, a
stakeholder composition profile for each case story was constructed, taking account of
their roles and interests and most importantly their contributions in the project. Finally,
the researcher synthesized the findings from analysing the three case stories in addition

to the overall observations over the one-year period to answer the RQ 1.
3.4 Research Approach for RQ 2: Survey

To address RQ 2, a questionnaire-based survey to practitioners was conducted in the
studied company. The survey aims at investigating the current challenges, issues, and
opportunities for improving the requirements qualities especially for projects typically
impacting multiple applications.

Understanding that different roles hold distinct perspectives and insights, the researcher
designed two different questionnaires for this survey. One questionnaire is dedicated
for BAs because they are best placed to provide answers for the challenges experienced
by them in requirements decision making. The other questionnaire is designed for
technical leads and QAs because they are the receivers and users of requirements. Thus
they can provide insights for requirements issues as they find when reading and using
the BRS. Furthermore, since receivers of the questionnaire were colleagues of the
author at that time, the questionnaires were designed to be semi-structured.

To be specific, the questionnaire sent to the BAs contained three questions as follows
(the context for the following questions is: when eliciting requirements for projects that

impact multiple applications / systems):

1) Could you please name the 2 to 3 (or more if you like) most common and
difficult challenges specific to the said context that you experienced / are aware
of? I’d really appreciate if you could explain (a little bit) details about the

project where you have experienced that difficulty.

2) Are there any approaches that you know or carried out that have helped/solved

any challenges as you named in question (1)? For example, one approach might
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be to get an enterprise architect involved in requirements workshop meetings
(then, why enterprise architect’s involvement can solve that challenge?)

3) Any other thoughts /concerns regarding producing a high-quality BRS for a

project that impacts multiple applications / systems?

The questionnaire sent to the technical leads and the QAs contained four questions as

follows:

1) Do you see a difference on the quality of requirements in the BRS between
projects impacting multiple applications / systems and projects impacting less
(one, two or three) applications / systems? And how different, if so.

2) Could you please name 2 to 3 (or more if you like) of the most common and
critical requirements issues that you have or are aware of, specific for BRS that
implies impacts on multiple applications / systems?

3) Are there any approaches that you know or carried out that have helped/solved
any issues as you named in question (2)?

4) Any other thoughts /concerns /issues regarding this topic?

The corresponding questionnaires were sent by emails to 12 BAs, 11 technical leads,
and 8 QAs in the company. Replies were received from 8 BAs, 7 technical leads, and 2
QA:s.

Some further emails were sent to respondents in order to clarify or confirm some points
in their replies so that the researcher can fully understand the provided insights. For
instance, one BA mentioned “the various IT members” in his reply without detailing
who are those various IT members. Regarding this, the researcher emailed him back for
more clarification and then he responded that in his experience the “various IT
members” mean “SAP and Data team members on the Development side”. In another
reply, one BA used the term “IT primes” which the researcher found out later indicate
representatives from an application or system on the development side such as a SAP

prime.

Analysis - Email replies from practitioners were copied into Microsoft Word
documents which were then ported to Atlas.ti software for analysis. Focused coding
was used for data analysis. There are two reasons for this choice. Firstly, the objective
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of this study is very clear, and it is to find out the requirements challenges and issues
facing practitioners as well as opportunities for improvement. Secondly, the gathered
data are well structured due to the specific topic contained in each question of the
questionnaires, and this structure makes it easy to carry out focused coding. Thus, three
main categories of codes emerged concerning requirements challenges, issues, and
opportunities respectively. Then, theoretical coding was applied to identify
relationships among the assigned codes, such as the relationship between the challenges
experienced by the BAs and the issues seen by the technical leads. In this manner, a
good understanding of the requirements problems facing practitioners were gained,
with which RQ 2 is answered.

3.5 Research Approach for RQ 3: Grounded Theory

3.5.1 The Grounded Theory Methodology

As RQ 3 concerns how to identify ASRs, it is exploratory and demands to build a
theory. To address this question, a grounded theory approach was taken to guide both
data collection and analysis.

Grounded theory introduces a theory building methodology with the emphasis on data
and developing theory through constantly conceptualizing and comparing the data. In a
recent paper about a review and guidelines on grounded theory in software engineering
research (Stol et al., 2016), the authors outlined several key features of grounded theory,
including: treat everything as data, immediate and continuous data analysis, theoretical

sampling, coding, memoing, constant comparison and theoretical saturation.

To construct theory grounded in data, the data could come from a variety of sources
such as observations, interactions, and materials that are about the research topic, i.e.
the ASRs in this research. Once the early data are collected, coding as a means of
analysis shall begin immediately. Meanwhile, in the course of data analysis, subsequent
data collection shall continue and be driven by the result of the analysis. The result may
identify gaps in the emerging theory, or it may find that certain concepts-in-
development still need more data. Such kind of analysis result can guide subsequent
data collection, which is called theoretical sampling (Stol et al., 2016). Moving back

and forth between data and analysis colours grounded theory.
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Coding is a means to distil, sort and compare data where labels, codes or concepts
(short names) are attached to segments of data (Charmaz, 2014, p3). A segment could
be words, lines, paragraphs or a whole document. The purpose of coding is to infer
theoretical categories from data (Stol et al., 2016). According to (Charmaz, 2014), there
can be three types of coding: initial coding, also called open coding by some scholars;
focused coding; and theoretical coding. Initial coding studies the data by segments and
generates categories by the code assigned to the data. Focused coding begins with
selecting the “most useful initial codes”, which could be categories, and then testing
and refining them by comparing “data with data and then data with codes” (Charmaz,
2014, p42). Theoretical coding aims to build relationships between categories and
hence generate an integrated theory. Memo writing is another means to keep
“preliminary analytic notes about our codes and comparisons and any other ideas about
our data” (Charmaz, 2014, p3).

By these means, more understanding and ideas of the question under investigation can
be derived, along with analytic categories getting more mature. Then, developing a
cohesive theory based on the analysis can be subsequently carried out. The process of
data collection and data analysis should cease when reaching a point where new data is
not contributing to the theory building any more or the theory is already well supported
(Stol et al., 2016).

3.5.2 The Study Design

With an understanding of grounded theory as described above, a two-phase study was
conducted, employing mixed methods for data collection. The phase-one study contains
a qualitative empirical observation on seven Architecture Review Board (ARB)
meetings and an analysis of 22 ARB presentation files; and the phase two is an
interview study of 5 senior architects respectively which further develops the results
from the first phase. Figure 3-1 illustrates an overview of the grounded theory design,

outlining the steps taken during the study.
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Participating in ARB meetings

Memo writing in each meeting }—u
(7 in total, over 6 months)

ARB files selection
(22 files selected out of 40)

—3 Data analysis: coding and memo writing }—.

Phase One

Phase Two

Interviews with architects

(4 in total, using Questionnaire A)

Data analysis: coding and memo writing

Revising the Questionnaire used for

interviews

Interviews with another architect

(1 in total, using Questionnaire B)

Data analysis: coding and memo writing

Mapping codes / concepts and memo writings; refining codes; constructing theory

Figure 3-1. The study design of the grounded theory
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3.5.3 Phase One: Architecture Review Board Meetings and Documents

Although the term ASRs is barely known to the practitioners in the studied company,
the ARB meeting held by them bi-weekly is a good place to start the exploration of
ASRs. The reason is that, to conduct architecture reviews the ASRs is a key input
(Obbink et al., 2001). Therefore, observing the ARB meetings and studying the ARB
presentation files would develop an understanding of ASRs, in the sense of what

information, especially what kind of requirements, matters for the architecture reviews.

For reader orientation, the ARB meetings aim at reviewing and approving the
architectural design of IT projects. The ARB is chaired by the chief enterprise architect,
attended by a number of participants such as other enterprise architects, security experts,
and representatives (usually technical leads) from various development teams which
are responsible for the development of the projects under evaluation. Very often, the
technical lead of the project gives a presentation to all the members in the review board,
followed by a questions and answers session. Typically, the presentation offers a high-
level overview of a project, covering both requirements and architecture concerns and

solutions.

The researcher observed 7 ARB meetings, each lasting 50 to 90 minutes of four to six
IT projects being reviewed, which gave the researcher a good understanding of what
information have been communicated for architecture reviews. More importantly, they
revealed the key information that has been the focus for reviewing architectural designs.
The researcher then examined the ARB presentation files of 40 IT projects from the
past. Then 22 project files were selected for further analysis, aiming at pinning down
the key information that matters and serves as ASRs in the architecture reviews. The
selection criteria are two: the file contains architecturally significant content, e.g.
explicit architectural design diagram(s) or textual design decisions; and the file contains
rich project information, especially requirements information. Among the 22 selected
ARB presentation files, the size of corresponding projects varies: estimated cost
ranging from 15K to 1.5M dollars; the number of affected applications varying from 2
to 30 with an average of 8 applications.
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3.5.4 Phase Two: Interviewing Architects

The understanding of ASRs gained from the ARB meetings and documentations is
rough and preliminary. To identify ASRs, more fundamental insights are needed.
Architects as the main body who hold such insights and knowledge merit investigation.
Thus, a further study was conducted in the form of exercise-based, semi-structured

interviews with senior architects.

The researcher interviewed five experienced architects (with average working
experience over 15 years) one-by-one in the studied company, three of them from the
IT department and two from R&D. Each interview lasted an average of 60 minutes.
Prior to each interview, participants were given an outline of what the interview was

about and the meaning of ASRs in general.

Specifically, the researcher designed a questionnaire, Questionnaire A, composed of 16
requirements decisions, which were all selected from requirements documents from
both IT and R&D department in the company. Questionnaire A, which can be found in
Appendix A.1, was reviewed by two additional researchers. These decisions were
presented to four architects respectively and they were asked to judge whether these
decisions are architecturally significant and then explain reasons for their answers.
After the first four interviews, the initial analysis of these interviews shows that nothing
new from the interviewed architects is derived for some requirements decisions in
Questionnaire A. Therefore, the researcher revised Questionnaire A, replacing these
requirements decisions with new ones and deriving Questionnaire B. Questionnaire B
can be found in Appendix A.2, and was reviewed by two additional researchers. This
change for data collection is in accordance with the grounded theory approach — the on-
going data collection and analysis not only furthers the understanding of the studied
question, but also helps direct the subsequent data-gathering (Charmaz, 2014).

Questionnaire B was used for interviewing the fifth architect.

3.5.5 Analysis

The analysis began with the ARB presentation files. Open coding was firstly used, with
an emphasis on finding the potential ASRs. Later, when the interview transcripts came
along, open coding was again applied, with an emphasis on how the architects justify

their answers for architectural significance. After the first iteration of coding, codes are

66



analysed, refined, and grouped. Specifically, different codes of similar concepts from
analysing the files and the transcripts respectively are merged into a unified and
consistent code. Then a second iteration of coding was performed to adjust existing
coding or assign new codes. Memos were taken along the way which facilitated the
formalization of the framework at the end. More details on the analysis can be found
both in Section 8.3.1 and Section 9.2.

3.6 Research Approach for Validation: Expert Interviews

From the previously described three studies, a set of research findings was derived. To
this point, the findings need to be assessed and strengthened for their accuracy and
generalizability, so as to gain confidence in their scientific rigour and become
acceptable and convincing contributions to scientific knowledge (Easterbrook et al.,
2008).

Semi-structured interviews, comprising both open-ended and specific questions, are
frequently used in software engineering research as a means to collect qualitative data,
especially in-depth insights of interviewees’ thoughts and opinions about something
(Seaman, 1999; Hove and Anda, 2005). This approach is often used when the questions
cannot be answered with a simple “yes” or a “no” (Seaman, 1999). In validating the
research findings, the question to answer is: how accurate and applicable the
findings are for other organisational settings? To answer such a question, therefore,
semi-structured interviews with experts outside of the studied company are appropriate.
To validate the findings, especially for the framework to identify ASRs, very
experienced practitioners in both requirements and architecture are demanded.
Therefore, semi-structured expert interviews in other organisations were designed and

conducted. Details of the study are described in Chapter 11.
3.7 Conclusion

This chapter briefly reviewed the empirical research methods for software engineering
study. On that basis, it is argued that a mix of empirical research methods is more
appropriate for this thesis study based on the research questions. Participant
observation was conducted in an enterprise software development environment for RQ

1, to understand how requirements decisions are really made. For RQ2, a survey
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approach was employed within the company to investigate the requirements challenges
and issues facing practitioners, and possible opportunities for solving them. With the
qualitative and exploratory nature of RQ3, a two-phase grounded theory study was
designed and conducted for building up the knowledge to identify architecturally
significant requirements. In analysing the data obtained from the above studies, a
qualitative approach was taken, especially facilitated by using the tool Atlas.ti. At the
end, validating the research findings was done through presenting them to experts and
getting their feedback. Figure 3-2 illustrates the research questions, research objectives

and corresponding research methods of this study.
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Figure 3-2 The research design

l

68



Part Two: Understanding the Decision Making

Context

Part Two of the thesis describes an understanding of requirements decision making
context, derived from two empirical studies: the participant observation study described
in Section 3.3, and the survey study described in Section 3.4. Since both studies took
place in the same industrial environment, Chapter 4 introduces the studied empirical
environment. Following that, Chapter 5 describes three case stories from the participant
observation study, which offers a portrayal of requirements decision making in
enterprise systems development. Then, Chapter 6 presents an analysis of requirements
decision making, emphasizing the stakeholders and their roles, in addition to the role of
the implementation environment to requirements decision making. Subsequently,
Chapter 7 outlines the findings of the survey study on requirements challenges and
issues facing practitioners, in addition to opportunities for improvement. Furthermore,
it provides a discussion on the key, underlying challenge in enterprise systems
development, derived by comparing and synthesizing relevant data and findings in the

four chapters.
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Chapter 4  The Empirical Study Environment

Chapter 3 has revealed that the empirical study took place in the IT department of a
multinational telecommunication company. This chapter then aims to provide a detailed
picture of that studied environment. By doing so, it aims to set out the scene for
describing the observations and findings on requirements decision making in the next
two chapters. To introduce the environment, the business model and organization
structure of the IT department are firstly described. What the IT projects are mainly
about and the associated project development process are also introduced, with a
specific focus on the requirements and design process. Specifically, the different kinds
of requirements specification templates are briefly introduced and distinguished.
Furthermore, this chapter also highlights the organization’s determination and attitude
towards a better requirements and design process, which can be seen from its frequent
change of personnel management and continual adoption of process changes. In the end,
the chapter stresses the gap between what is provided in the requirements specification
by the business analysis team and what is needed from the specification by the

downstream development team.
4.1 The Choice of the Study Environment on the Research

Enterprise software development presents the ideal settings for this research, because it
is the domain most reflecting the changing RE environment (Hansen et al., 2009).
Moreover, it is also where the empirical evidence of the paper “The brave new world of
design requirements” has been based on (Jarke et al., 2011), which is a driving
motivation of this research. Therefore, enterprise software development is the focus

domain of this research.

The chosen study environment is Avaya, Inc. which is an engineering company that has
a large distributed, global IT department. The chosen company has a rich
organizational and implementation context as described in the next three sections,
which provides an appropriate and good basis for the research. Therefore, the chosen

study environment is very relevant and appropriate for the research.
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4.2 The State of the IT Department

The Business Model

The company is a multinational company which provides business communication
solutions for customer and team engagement, such as contact centre and networking
solutions. The company has an R&D department in which those communication
solutions are designed and developed. Those solutions are then sold through two modes.
The predominant mode is business to business, the company selling to indirect
customers including distributors, partners and resellers. The other mode is business to
consumer, the company selling to direct customers (a direct customer is usually a
company, or a specific branch of a company as a unit of buyer rather than an individual

person); and this mode is of increasing importance for the company nowadays.

Both modes of selling are done through utilizing tools and systems developed and
managed by the company’s IT department. At the time of study, the IT department has
over 800 employees, located in various branches of the company globally. The IT
department is responsible for operating and managing the various software systems the
company has and delivering IT projects. These software systems are mainly enterprise
software systems, in addition to an increasing number of web applications. In this thesis,

all these software systems are referred as IT systems.
The Profile of the IT Systems and Projects

The IT systems principally focus on e-commerce and enterprise resource planning. The
e-commerce systems are used by both external users such as distributors, partners and
direct customers and also internal users, namely the company employees such as
personnel from marketing, sales operation and technical support. The enterprise
resource planning systems including SAP, supply chain management, sales, accounting,
and Customer Relationship Management (CRM) are mainly used by internal users.

Having more than 16 years of development history along with integrations of systems
from other companies after acquisitions, the overall IT systems exhibit a complex state
in terms of their quantity, diversity and the different versions, and the interconnections
among them. Specifically, the IT systems consist of many diverse existing
implementations and infrastructures in place. For instance, there are customized SAP

and Siebel CRM systems of different versions that exist for different regions, diverse
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middleware systems (e.g. Oracle Fusion MiddleWare (FMW), and Microsoft BizTalk)
and databases, various websites, and numerous tools for quoting, ordering and pricing.

Moreover, the business processes and IT systems are highly integrated and intertwined.
It is not uncommon that many business activities and processes are realized through a
composite of multiple systems. In this context, many IT projects, if not all, usually
impact multiple existing systems, regardless of whether the project is to develop a new

application or to enhance existing ones.

For instance, there is a project initiated to implement the ‘business to consumer’, direct
model for selling cloud solutions (e.g. contact centre using cloud/web technologies
rather than desktop-based applications). This project impacts 8 systems including the
existing e-commerce web application for cloud offers which currently only provides
business to business indirect model, SAP (responsible for creating account, providing
product pricing, taxes, availability information, offering credit card web service, etc.),
Siebel (responsible for managing service entitlements), FMW and a suite of quoting

and ordering tools for cloud offers.

Most IT projects concentrate on the following areas: implementing a new business
model (e.g. introducing business to consumer model for cloud offers), advancing work
efficiency and productivity through improving existing business or IT processes (e.g.
automating or reducing process steps for some business activities), introducing new
products and solutions from R&D to IT systems, embracing new technologies (e.g.
moving desktop-based systems to web-based, and replacing an old external software or
service from one vendor to another), and upgrading systems or infrastructures (e.g.
upgrade SharePoint 2007 to 2013).

IT projects are primarily developed in an in-house and global development fashion.
Project team members along with various stakeholders are mainly internal to the
company, except for the fact that some vendors and indirect customers are occasionally
involved for some projects. For instance, the studied company has bought secured
payment solutions from a vendor and then that vendor is actively involved in many IT
projects tasked with introducing and integrating its payment solutions into the many e-
commerce web applications in the company. Furthermore, as most project team

members are distributed globally, communications are carried out mainly through web-
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conference meetings, emails, SharePoint sites, in addition to face-to-face meetings
when applicable.

The State of the Projects Development Process and Artefacts

The associated IT software development process is originated from the waterfall model
but being customized especially for the requirements and design phase. Figure 4-1
illustrates a baseline process applied in the IT department, noting that the requirements
and design phase are overlapped and so is the design and development phase. In the
planning phase, a Project Request Form (PRF) will be submitted by the business unit

and once approved by the IT estimations steering committee, the requirements phase

will begin.
Requirements Development QA UAT |  Project
Sign-off Complete  PassIT  Pass | Close-Out
‘ Business
§ o Go-Live
: : i _ _ IT/
Planning  Requirements ' Requirements/Design BUSINess
Gate e
: Go-Live
Gate
QA UAT Deploy Warranty
Timeline
Legend:
- A phase development o A gate, a meeting for reviews and agreement

Figure 4-1. The dominant project development process

Figure 4-2 provides a view of the development process from the perspective of the
delivered artefacts in the requirements, design and development phases. In the figure,
BRS stands for Business Requirements Specification, SRS for System Requirements
Specification, and HDS for High-level Design Specification. BRS, SRS, HDS, and
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detailed design are the main artefacts created in the requirements and design phases.
They are more or less developed in parallel. RTM stands for Requirements Traceability

Management, an Excel document.

Requirements Sign- Dev QA  UAT Pass
Off by IT/Business Complete pass IT Business

Requirements & Design Development

Legend: - Produced artefact

Figure 4-2. The requirements and design artefacts in the SDLC

In both Figure 4-1 and Figure 4-2, there are a milestone for requirements sign-off. This
sign-off is marked as the BRS sign-off since the SRS is seldom created. In Figure 4-1,
there is a “Requirements/Design gate” (R&D gate) which is carried out as a web-
conference meeting for reviewing and approving project deliverables, with the purpose
to commit to project scope, schedule, budget and quality. Prior to the R&D gate, an
Architecture Review Board (ARB) will take place for reviewing and approving the
architectural design of IT projects.

To be more specific, BRS is the primary document that defines the business
requirements for a business change, showing the users’ understanding of the scope of
the project work. Acceptance of the BRS means the IT development teams understand
the requirements that are to be met. The business analyst is accountable for its creation.
The BRS template primarily contains the following sections: contributors, mandatory
approval list, revision history, business rationale, current business environment,
proposed business environment, business rules, detailed functional requirements,

detailed non-functional requirements, and project requirements.
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The SRS is created using the BRS as its primary input to interpret and translate the
BRS into more technical requirements which accomplishes the following: confirms the
technical team understands the business requirements; translates the business
requirements into a system(s) solution; baselines the scope of the proposed system(s)
solution; documents the proposed architecture, which is driven by the business needs,
requirements and constraints; obtains approval from the business to proceed with the
development of the product or service. The SRS is supposed to be created by the IT
project owner or the technical lead. The SRS template primarily contains sections for:
project description, system requirements integration with business requirements (e.g.
user interface and technical requirements), system or solution scope, business process
and data definition, functional decomposition, operational features, decommissioning,

migration strategy, and end user support.

In parallel developed along with the SRS is the HDS, which is an IT-focused technical
deliverable complementing the SRS. The HDS is to define the high-level physical
design of an intended application, identify technical issues that requires the project
team to re-examine defined or derived requirements or proposed solutions, and provide
sufficient information for project estimation. Depending on the project scope, multiple
HDS documents may be necessary since an HDS provides high-level design details for

just one application whereas a project often impacts multiple applications.
Observations

Regarding the described project development process above, in particular about the
requirements and design phase artefacts, it is worth noting some observations of the IT

development environment that the researcher derived during the study.
Observation 4.1. The RTM is seldom created and managed in IT projects.

Observation 4.2. The BRS serves as the main requirements artefact although an

associated SRS is expected but seldom created.

Observation 4.3. In the BRS, the section for non-functional requirements is not
filled in most IT projects while the functional requirements consist of many pre-

matured design decisions.

Observation 4.4. In the BRS, the current business environment is often

represented using an architecture diagram.
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Observation 4.5. Most of IT projects lack an SRS, namely that the SRS is not
created at all. The author asked several technical leads about why they are not

creating the SRS, and they responded that they had no time for that.

Observation 4.6. There is no clear distinction between what should be put into the
BRS and what should be into the SRS; and nor is the distinction between business

requirements and system requirements clear.

Observation 4.7. The identification of stakeholders is not so difficult as compared
to other project situations such as contract-based development, since this is a well-

established and mature development environment.

Observation 4.8. The business stakeholders exhibit a high degree of trust and
commitment to requirements decision making. The business stakeholders indicating
those who come from any business units in the company that may use and operate

the system under development.

Observation 4.9. The involvement of IT development-side stakeholders in

requirements decision making is undervalued by some managerial decision makers.
4.3 The Continuously Changing Development Environment

The Changing Development Process

The projects development process and artefacts described in the previous section
represents the state during the first three-month observation the author had in the
company. After that and another three months later when the author joined in the
company for the second time, the previously described development process was
replaced by a new process, with the change primarily focusing on the planning and
requirements process. The new process is now called the Front Door (FD). Followed by
the FD process is the execution phase which is the combination of phases from design

to deployment and “Go-live” in the old process in Figure 4-1.

Figure 4-3 illustrates this new development process in an overall view.
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Figure 4-3. The new IT projects development process

More specifically, a high-level process flow of the FD relevant to requirements

decision making can be described as the following:

(1) Requester submits the project proposal,
(2) An analyst reviews the proposal.

(3) The solution architect and Triage Council members prepare the Triage
questionnaire.

(4) Carry out Triage meeting.
(5) BAs assigned to the project start BRS development and then sign-off.

(6) The solution architect creates the HLD (High Level Design) and HLE (High Level
Estimation) for the project.

(7) Pass Architecture Review Board meeting.

(8) Pass Requirements & Design (R&D) Gate.

(9) Execution.

One big change is the introduction of the triage council which takes place after the
project proposal is submitted. The triage council is chaired by two solution architects
with council members ranging from various application domain experts to project and

resource managers. This meeting is to gather thoughts and feedback on the submitted
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project proposals, and evaluate them and determine whether to accept or reject the
proposal. Once accepted, the project can kick off its requirements phase.

Another major change is that following the FD process means that all the IT projects
will not be assigned with any specific technical development teams until they have
finished all their pre-packaging deliverables (i.e. the BRS, HLD, and HLE). As a result,
in this new process there is no time code® for stakeholders from the development team
to legitimately justify their participation in requirements workshops. Additionally, the
business analyst is not supposed to engage any development side stakeholders and in
fact has no resources either, because no development team has been assigned at that
stage yet. Consequently, it becomes very difficult to engage development-side

stakeholders.

Along with the new process is the incremental change of the BRS template and it
emphasizes that the purpose of this new BRS is to capture the requirements from a high

level business point of view.

All these changes have resulted in or may even have been resulted from the conflicts
between two parties concerning requirements details in the BRS. The elaborated

description of the conflicts is reserved in Section 4.3.
The Changing Personnel Management

Another continuous change in the development environment lies in the personnel
change. With the new process comes a new process lead, called the FD director. At the
beginning, the FD director supervises four teams including the solution architects and
the business analysts. About four months later, the FD director is replaced by a new

director from the Service division who has very little technical background.

To give more background, the IT department head is the CIO of the company. Under
the CIO’s management, there are several divisions responsible for different areas such
as the enterprise architecture, strategic program and business/release management (to
which the whole FD team belong at the beginning), services and sales enablement

(where the new FD director is coming from), and the application architecture and ERP.

1 A time code is a code associated with an IT project activity/phase that is assigned to IT staff to use, in
order to complete their timesheet every week. In this way, the total hours spent in one project
activity/phase such as the requirements phase are recorded.
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A few weeks later after the arrival of the new FD director, the solution architects were
adjusted to report to one enterprise architect in the enterprise architecture division. Also,
the responsibility of the FD director is confined to manage the business analysis team

only.

The frequent personnel management change reflects the complex political environment
in the enterprise system development environment. Along with these changes, the
expected input and output of different activities change to different extent, and so is the

focus of different roles’ responsibilities.
4.4 The Conflict between Two Teams Concerning Requirements

For reader orientation, the IT projects in the company have two types of budget,
namely, the expense spend and the capital spend, covering two phases of their
development - the upstream requirements and design, and the downstream development
- respectively. The line dividing the two kinds of budget lies in the Requirements and
Design (R&D) Gate. IT projects do not proceed to the capital spend until they
successfully pass the R&D Gate review. Thus, time and resources spent in the planning,
requirements decision making, and producing HLD and HLE all occur in the expense
spend mode, and completing the BRS alone will not get projects into the capital spend

mode.

The trade-off between the expense spend and the capital spend gives rise to the
conflict between two teams: the FD team, especially the business analysis team, and the
downstream application teams. The purpose for introducing FD is to better manage
projects, especially for controlling the expense spends. In the old process, many
development side stakeholders such as technical leads and even quality assurance
experts would participate in requirements workshops. However, this process increases
the expense spend, because the time spent by those stakeholders in the requirements
phase is tagged with the time code belonging to the expense spend budget. In this old
process, the resulting BRS is often very detailed and contains technical design

decisions — they will be referred to as premature design decisions thereafter.

So now with the new process, a gap emerges between what the BRS is providing and
what the application teams really need. To be specific, the business analysis team want

to provide a high level BRS (to cut the expense and also the FD director believes that
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development side stakeholders should not be involved to discuss the business
requirements) while the downstream development teams and also the solution
architects desire a more detailed BRS (in order to perform their work well and also
because that they have to depend on the BRS since there is no time and capital to work
out the SRS).

On the one hand, the changed BRS is aimed at providing requirements from a high-
level business point of view and the business analysis team has the goal to squeeze the
expense spend in requirements process (namely to get the BRS signed off as soon as
possible). Consequently, facing the deadline pressure, BAs often produce BRS in such
a high level that the solution architect who is amongst the mandatory approval list for
signing off the BRS will not approve the BRS as the BA wishes. That is because, with
insufficient details in the BRS the solution architect is not able to work out the HLD

and HLE which is the main responsibility of their role.

On the other hand, even though the BRS might have passed the solution architect’s
approval, it still lacks of input and feedback from the technical perspective since the
development side stakeholders are no longer able to participate in the BRS elaboration
workshops easily. As a result, the technical leads find that the quality of BRS document

IS very poor.

The BRS is still regarded as the business-ask from the development team’s perspective.
They do not want to sign off the BRS because signing off means that they are
promising the commitment to deliver what the BRS is asking for. However, the BRS at
that stage has no validation from the technical team and chances are that some
requirements in the BRS might get rejected because of infeasibility and incompleteness,

etc.

This chapter provides an overall picture of the organizational context where the
observed requirements decision making took place. Describing the organizational
context is in the same spirit, but in a less formal way, of enterprise modelling
(Loucopoulos and Karakostas, 1995) which covers aspects of organizational structures,
objectives, activities, processes, products, and roles in the studied environment. This
context information would help the understanding of the three case stories described in
the next chapter.
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Chapter5  Three Case Stories on Requirements

Decision Making

Having described the empirical study environment in the preceding chapter, this
chapter presents a case study in that environment, aiming at providing an empirical
portrayal of requirements decision making. The case study consists of three case stories
on three projects respectively, each as a unit of analysis. The emphasis of the study is
put on how requirements decisions are made. To do so, the stakeholders in
requirements decision making are introduced, stressing their role responsibility and
interest. Following that, each of the three case stories is elaborated in detail,
highlighting its project situation and the influence from various stakeholders on

requirements decisions.
5.1 Revealing Stakeholders in Requirements Decision making

In the studied environment, there is a variety of stakeholders engaged for requirements
decision making. Their backgrounds vary, from internal to the company to external,
from business units such as Finance and Sales of the company to development team
members in the IT department. So are their responsibilities. Figure 5-1 offers a brief
overview of the responsibility of various stakeholders for the BRS creation as defined

by the IT department.

RACI
Responsible for Content: Business Lead
Business SME
IT Business Analyst
Accountable for BRS: IT Business Analyst
Consulted/Informed: IT Development

IT Infrastructure

IT Operations

IT Security

IT Quality Assurance
IT Architecture
Others (as needed)

Figure 5-1. The definition of RACI for BRS
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In Figure 5-1, RACI stands for: Responsible for content, Accountable for the BRS
creation, Consulted/Informed. As indicated in the figure, a wide range of stakeholders
from business lead to IT architecture expert can all be engaged in requirements decision
making. Since requirements include not only business requirements in the BRS but also
system requirements in the SRS. Note that for the BRS it is the business analyst who is
accountable for its creation while stakeholders from the business units e.g. business
SMEs are responsible for the content; in contrast, for the SRS it is the technical lead
who is accountable for its development while the whole development team is

responsible for the content.

Based on the author’s observations combined with the existing RACI definition, the
following stakeholders are described in detail because they are the main roles that
influence requirements decision making. To note, some of these stakeholder types may
not be identical to their job titles; rather, these roles are named so to reflect their
functions in the IT project.

Business sponsor is a role often taken by a business (process) lead in the organization
that holds the power to determine (e.g. through prioritizing requirements) and is in
charge of the business direction. The business sponsor obtains funding for projects and
collaborates closely with the IT to develop projects business cases including business
goals, benefits and success criteria, identify business stakeholders, determine the
project scope, final requirements and changes to scope. The role of business sponsor

also signs off on the requirements, design, schedule, and cost of the solution.

Business SME (Subject Matter Expert), also called business owner or end user, is a
role taken by a representative from certain business areas (e.g. Sales, Order Entry) or
systems who is often the operator of that system such as a logistics manager and a SAP
prime. Business SMEs represent the business sponsor and serve as business subject
matter experts on sponsor’s behalf. As the main source of detailed business
requirements, they are responsible for providing information for the current business

process and associated challenges, and proposing suggestions for new requirements.

Application team representative (App. Team Rep), sometimes called functional
analyst, is a role taken by one who comes from the development team responsible for a

particular application. They are experts in that application knowing how the application
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and the corresponding business process work but usually not having a good
understanding of the business process outside of that application boundary.

Enterprise architect is interested in participating requirements decision making
especially when the project is going to impact multiple systems so that their
engagement is to understand the impact of the introduced project and ensure that the

enterprise architecture will not be messed up.

Solution architect is responsible for IT-business partnership and alignment including

alignment on strategic plan / deliverables and business case values.

Technical lead is the technical architect, doing the detailed architectural design,
decomposing and assigning project work to their developers, and ensuring technical
integrity inside the team. Technical leads are also key stakeholders for requirements

prioritization where they supply the cost and risk ratings (Wiegers, 1999).

Business Analyst is the main requirements practitioner who plans, executes, and
controls the whole requirements decision making process and is the author of the
requirements specification. Business Analysts (BAs) identify relevant stakeholders,
organize requirements workshops, coordinate communications, analyse and specify
requirements. BAs play a crucial role in requirements decision making and the
significance of their influence can be seen from a viewpoint of one technical lead in the

organization:

“Generally the [requirements specification] is influenced both positively and negatively by:

1. Quality of the author

2. Knowledge of the area(s) by the author

3. Imposition of an unreasonable deadline

4. Support of author in reviewing and feedback of [requirements specification]”
BAs’ manager, who supervises a team of business analysts and reports to FD director,
is responsible for ensuring the quality, clarity and timeliness of incoming requirements.
He oversees and manages requirements decision making progress of all the IT projects
to which his BAs are assigned, often with goals to squeeze the spending on the
requirements phase, namely to get the requirements specification signed off as soon as
possible. Thus in most cases, the BAs’ manager will set up a deadline for the
requirements work of a project. Then BAs report to their manager weekly about the

progress and plans of their projects.
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FD director is in charge of the whole Front Door (FD) process from project intake to
requirements sign-off. He oversees the quality of the whole requirements decision
making process. Along with BAs’ manager, they often make decisions such as
changing the requirements specification template, and introducing a new tool for

managing requirements.
5.2 Introducing the Case Stories

The three case stories will be described with sufficient details and varying focuses
portraying three typical IT projects respectively in the studied enterprise software
development environment. The three case stories are ordered by their increasing
complexity. In order to clearly describe how requirements decisions are made, the

presentation of the case stories is structured with the focus on two aspects:

1. How does the implementation context influence requirements decision

making?

2. How do stakeholders contribute to or influence requirements decision

making?

Regarding the first aspect, the project situation including the implementation context of
each case story is firstly examined. Also articulated is how the implementation context

channels influences to requirements decision making.

For requirements decision making, stakeholders are the primary source of requirements
both as a source of information and for making requirements decisions. Therefore, to
understand how requirements decisions are made it is natural to investigate how do
stakeholders contribute to or influence requirements decision making. To that end,
inspired from the six “W” in the Zachman framework for information system
architecture (Sowa and Zachman, 1992), the following five “W” (WHO, WHAT,
HOW, WHEN, WHY) are investigated for this study:

1) Who participates in or influences requirements decision making?

2) What do they contribute to? / What requirements decisions do they contribute to?
3) How do they make these contributions?

4) When do they make these contributions?

5) Why do they make these contributions?
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5.3 Industrial Case Story 1: OWC Content and Sites Integration

5.3.1 Project Situation and Context

This project was initiated by the IT department rather than any business units, tasked
with developing an integrated solution for sharing and managing the websites
documents of four business units in the company, namely Human Resource, Sales,
Marketing, and Support. Each of the four business units has their own websites, also
called Portals, utilizing Oracle WebCenter Sites instances (OWCS, a Web experience
management system) and Oracle WebCenter Content (OWCC, an enterprise document
management system). However, as per the current architecture, the OWCS instances
and the OWCC are not linked. Specifically, the architecture of OWCS instances is
configured to only receive documents directly from the authors, publishing through
manual push to each site instance. It creates a lot of duplications of documents and
effort if it is to publish at multiple sites, and also results in process inefficiencies. So
this project is tasked with goals to integrate current OWCC with OWCS so that content
authors can publish web content in a central repository once and auto-publish by
sharing documents across portals without duplicating efforts. To do this, the OWCC
will become the central repository to easily manage master copies of content through

version control.

Therefore, this project is driven by problems identified by the IT department, aiming to
enhance existing implementations. In this context, the business SMEs are not asking for
any business process change but rather would like to keep the process as-is so as to
avoid additional training. This project is envisioned to impact six systems, namely, the
four OWCS instances (including sales.avaya.com, avaya.com, thesource.avaya.com,
support.avaya.com), Interwoven TeamSite (a document management system currently

used by support.avaya.com), and the OWCC.

5.3.2 Representing Stakeholders and Their Contributions
The stakeholders engaged in requirements decision making are outlined in Table 5-1. A
total of 22 stakeholders were engaged, all internal to the company. Six among them are

required for the sign-off of the BRS, and they are the project sponsor, 4 primary
business SMEs, and the solution architect.

87



Table 5-1 A representation of the stakeholder composition in the Case Story 1

Stakeholder Role No. Stakeholder Role No. Stakeholder Role No.
Project Sponsor 1 Technical Lead 1 Business Analyst 1
Business SMEs 11 Solution Architect 1 Project Manager 1
App. Team Reps 6

The project sponsor, who is a director responsible for the enterprise content
management from the IT department, is engaged performing the same role as the
business sponsor. He submitted the project proposal and one characteristic of his
proposal is that it already contains a high-level solution in the form of an architectural
diagram, serving as the proposed process flow. So the IT department has already had a
vision of the to-be systems. In spite of these facts, the details of the new functionalities
and qualities still depend on the input from the business SMEs. More accurately, it
depends on the partnership of stakeholders from both the IT and the business to make

requirements decisions together.

For instance, to realize the goal of integrating OWCS and OWCC while treating
OWCC as the central repository, a new metadata structure is proposed by the App.
Team Reps for permission controls, such as to identify if the uploaded document is to
be shared or not with other Portals. This proposal then leads to the need of a new
function. And that is: publishers (i.e. business SMEs) shall complete the metadata
specific to the target Portal(s) when uploading a document. Such kind of requirements

decisions needs to be discussed and agreed by both sides.

In this project, the application team representatives participated very actively in
requirements workshops and provided feedback when the BA requested for any
information or thoughts. Furthermore, their engagement is more frequent at the end
during requirements reviews. From the revision history, 5 of the total 12 updates are
attributed to the stakeholders from the development side including the solution architect.
For instance, as shown in Figure 5-2, the technical lead commented on a requirement,
“when a new version of an existing document is uploaded to OWCC it will synchronize
to all shared applications automatically within 15 seconds”, and the comment says that
“cannot commit to 15 seconds”. Then the BA discussed this feedback with the solution
architect and responded that “Agree. But it has to be measurable. Have added (exact

88




time to be determined during design phase)”. Along with other feedback provided by
the technical lead, the BA made updates to the BRS and requirements decisions are

further shaped accordingly.

i fler a documentis uploaded to OWCC the synchronization of the documsntmsladatat .

BRFDOS) . I A IS Mipin | __..}---{ Comment [WSMI]: Cannot
s Eic

A message will be presented to the Publisher in OWCC just before they upload a document Elﬂﬁf;:: 15559”?;2?0 be

(this document can be a new document or an upissue of an existing document). “You are about Tirs S ElLETE added (exact

to upload a document which can be published to "list application/applications™ do you wish to timeto be determined during
BRFO1O) | proceed?Yes/Mo Mipin ] design phase).

- 'SAI2):

This message will be presented to any publishers uploading documents to more than one E;ﬁg;ﬁma&%gﬁgem nave

application requested. It can be ref inthe
BR.F.011 OWCS shall allow searching by Doc ID and by metadata_at a minimum Vipin design document.
— - Naviaation shall ba facilitated hv nrovidina hvdirectional Tinks hatweaan OWCE and OWCES in .

Figure 5-2 An example of feedback from the technical lead (the Comment part before the ‘EN”)
and responses from the BA (started with the ‘EN”)

With the frequent presence of 6 application team representatives in requirements
decision making, 7 out of the total 23 functional requirements are specified in a very
detailed level which could be seen as design decisions. For instance, regarding the
metadata, one requirement in the BRS quoted below is a decomposed, low level

requirement that aims to achieve the overall metadata requirement mentioned earlier.

“Only shared metadata or system metadata like publisher name, file size, file extension
etc. will be managed in OWCC. All application level metadata like theatre, locale,

Status etc. will be kept in OWCS. (The exact OWCC metadata and OWCS metadata
will be finalized during the design phase)”

But meanwhile, some other requirements are relatively high-level, such as this
requirement: “The OWCS management user privileges on each document should be
maintained when the document is migrated to OWCC”. What exactly the privileges
indicate has not been articulated in the BRS, and that is because those details are

already known by the application development teams.

As requirements decision making went on, one interesting change happened when the
BRS was about to sign-off, and that is, the Marketing business unit, namely avaya.com,
is decided to be out of scope for this project. In other words, avaya.com will continue to
use OWCS for publishing documents. The reason is that the business SMEs from
Marketing provided information about their business practices regarding document
sharing, and they indicated that documents published in avaya.com are seldom shared
to the other three portals. Hence, the integration of OWCS and OWCC would not
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impose significant business benefits for the Marketing department. In an effort to save
the Capital budget and reduce the workload, therefore, it is decided to remove

avaya.com from the scope of this project.

Overall, the BA reflected that he was purely assisting in documenting the BRS while
the application representatives are actively engaged and functioning as the BAs to elicit
and propose requirements. The reason for that is because they are proposing this project
and they know where to change as well as the solutions. They just need to confirm to

the business and also get input for the operational / functional details.
5.4 Industrial Case Story 2: OneSource Cloud Improvements
5.4.1 Project Situation

OneSource is a web-based system-of-systems that provides a suite of global
commercial tools for indirect customers (i.e. partners and distributors) to quote,
configure, and order the company’s products and solutions. OneSource Cloud is a
relatively new web-based application that sells the company’s cloud services and
solutions specifically. However, in the initial launch OneSource Cloud does not support
quoting with special bids, promotions or programs, and Electronic Data Interchange

(EDI) ordering as the OneSource does for indirect customers.

Therefore, this case story describes an IT project, initiated by the business, tasked with
goals to enable consistent special bids, promotions, programs, and EDI ordering for
cloud services in OneSource Could. Furthermore, this project will also implement some
new functionality, including: implement bulk uploading of user details, and enable
variable trial length for cloud services. So this project is an enhancement with some
extent of integration and thus would depend on the existing implementations for
defining requirements. It represents a typical project type that the IT department often

deals with.

The project would impact 6 applications and systems mainly including the existing
OneSource Cloud application, the OneSource, SAP (responsible for order and contract
creation, and billing etc.), and FMW (Fusion MiddleWare). Meanwhile, the project
impacts 8 different business units including the global sales operations, finance,

promotions, and deals desk.
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5.4.2 Representing Stakeholders and Their Contributions

There are, at least, 18 stakeholders engaged in requirements decision making until the
BRS sign-off. The stakeholder composition is illustrated in Table 5-2. These
stakeholders are all internal to the company.

Table 5-2 A representation of the stakeholder composition in Case Story 2

Stakeholder Role No. Stakeholder Role No. Stakeholder Role No.
Business Sponsor 1 Solution Architect 1 Business Analyst 1
Business SMEs 14 App. Team Reps 1

Prior to starting the BRS work, the Front Door (FD) triage council has made a
premature design decision for this project that: instead of creating the specific
OneSource Cloud quote as it is in place now, quotes generated in OneSource Cloud
must be the same type as the OneSource quote. This decision is made in order to enable
the OneSource Cloud to reuse the existing functionality in OneSource for quoting with
promotions and special bids etc. More importantly, it is to support consistency across
the two systems.

Of the business goal to enable volume-based discounts for cloud service orders,
stakeholders are confronted with a design decision to make before proceeding to decide
the detailed requirements. This design decision concerns the functionality assignment,
i.e. which system is the best place to implement the volume-based discounts, the
OneSource Cloud application, or the existing Promotions Module in OneSource which
deals with discounts for non-cloud products and services orders? The consideration for
this decision arises from the fact that OneSource orders would look for volume-based
discounts in the future. Yet, partly due to the specific, distinct characteristic of cloud
services orders — subscription based, the solution architect and the business sponsor had
a discussion and decided to make no changes to the Promotions Module, and allow

OneSource Cloud to implement the volume-based discounts.

The engaged stakeholders exhibit a hierarchical structure of power in making decisions,
even for those of the same stakeholder role. This is evident among the business SMEs.
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Out of the total 18 stakeholders, 8 are on the approval list for signing off the BRS
including the business sponsor, 5 business SMEs (out of the total 14 SMEs) from 5
business units, the solution architect, and the application team representative who is
from SAP. The rest of stakeholders are on the copy list for review only. To note, there
are 8 business units being impacted but only 5 of them are on the approval list. That is
because the other three business units are not impacted directly by the business change
in this project, but they need to be made aware of the change. More importantly, their
engagement is to provide information of the existing business environment so as to

facilitate requirements decision making.

For instance, among stakeholders not on the approval list there are three business SMEs
from the Finance business unit. Finance is not directly related to the change in this
project since the project is concerned with enabling quoting with special bids, etc.
However, as a result of this change, Finance will be impacted in terms of the revenue
assurance and recognition, as well as corresponding reporting for the cloud services
quotes and orders with the newly added elements, e.g. special bids or promotions. For
this reason, stakeholders from Finance are identified and engaged to be one party for
the user acceptance test. When it comes to define the requirements, the three
stakeholders were occasionally consulted more out of a validation purpose, e.g. to

confirm what additional data should be specifically included in the quote output report.

The business Sponsor in this project is a lead for cloud business operations. In this
submitted project proposal, he defined the business case, rudimentary project scope and
high-level functional requirements. In the business case he emphasized the importance
of supporting consistency across the OneSource and OneSource Cloud toolset for
business processes such as quoting with promotions. Accordingly, supporting
consistency serves as a business goal and principle for guiding the subsequent
requirements decision making. To this end, it is observed that adhering to the business
rules in OneSource, and reusing existing implementations wherever possible are well

followed for cloud services in OneSource Cloud.

Moreover, the business sponsor usually had meetings with the BA separately from
other stakeholders, and these meetings are often held at the beginning for clarifying
business goals, and at the end for review and approval of the BRS. Besides, the

business sponsor has the power to determine and finalize key business requirements.
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For instance, the data requirement for the maximum trial length was initially defined by
one business SME, but at the end after reviewing the BRS the business sponsor asked
the BA to change the maximum length to 365 days.

However, requirements may still be changed even after the business sponsor has
already approved the BRS. That has typically happened when some requirements in the
BRS have been diagnosed with issues by the solution architect or any development-side
stakeholders from the IT technical perspective. This kind of phenomenon is evident in
this project. Figure 5-3 illustrates such an example based on two records in the version
history which tell that: after the BA sent out the BRS for getting the relevant
stakeholders’ approval for sign-off, the business sponsor (i.e. Beth Smith) firstly
approved the BRS; however, two solution architects and an SAP representative found
some issues during reviewing the BRS and held meetings with the BA to ask for

requirements changes two days later since the approval from the business sponsor.

17 DEC 2014 Eamonn Noone | Added approval from Beth Smith.

_‘_\
=lo

19 DEC 2014 Eamonn Noone The following changes were made
following a meeting with Phillip, Guru
and Christian: 1. Updated item 13 of
Scenario 7. 2. Updated item 16 of
Scenario 8. 3. Changed BR.F.031.
Added feedback from Elmar.

Figure 5-3. An example of requirements rework, due to feedback from development-side
stakeholders, after the BRS signed-off by the business sponsor

To be more specific, the exact change of “item 13 of Scenario 7” in Figure 5-3 is
illuminated in Figure 5-4. The change of item 13 is made from “GQMS — Sends the
EDI Order to SAP | (Existing)” to “GQMS — Sends message to One Source Cloud to
order quote (New)”. Scenario 7 is to specify the EDI ordering process for OneSource
Cloud, which involves the existing Global Quote Management System (GQMS) - a
sub-system in OneSource. Item 13 defines that the GQMS, after successfully validating
the request for creating an EDI order from the indirect customer (i.e. item 12 in Figure
5-4), shall then proceed to the actual order creation in SAP-I (“I” indicates the
international version). To achieve that, however, there are two viable options, as

depicted in Figure 5-5.
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12. GQMS - checks the EDI Order with the One Source Cloud Services
against the EC Quote (New)

13. GQMS — Sends the EDI Order to SAP | (Existing)

14. GQMS/One Source Cloud — Set Quote status to ordered in One Source
Cloud (New)

(a)
12. GQMS - checks the EDI Order with the One Source Cloud Services
against the EC Quote (New)
13. GAMS — Sends message to One Source Cloud to order quote (New)
14. GQMS/One Source Cloud — Set Quote status to ordered in One Source
Cloud (New)
(b)

Figure 5-4. An example of a requirements change, corresponding to the change (item 13 of
Scenario 7) as indicated in Figure 5-3. (a) reflects the scenario before the change; (b) reflects
the scenario after the change

2]

—{Create Order— EDI Create Order—» GaMS

Indirect customers

Opticn 2. Create Order Ciption 1. Create Order

2]

Cine Source Cloud —Option 2.Create Order-m SAP

Figure 5-5. A simplified flow and architecture diagram, (the middleware is intentionally
omitted) reflecting the two approaches in Figure 5-4. Option 1 corresponds to Figure 5-4.(a);
option 2 corresponds to Figure 5-4.(b)

Since there is already an existing interface between GQMS and SAP-I for ordering
non-cloud products as used in OneSource, one solution (i.e. Option 1 in Figure 5-5) is
to reuse that existing interface by sending the ‘Create Order’ request directly to the
SAP-I. Option 1 was firstly assumed by the BA and agreed by the business owner.
However, after reviewing the requirements the solution architect disagreed with that
decision and then proposed Option 2 as shown in Figure 5-5. It is to create a new
interface between the OneSource Cloud and the GQMS, and update the existing

interface between OneSource Cloud and SAP-I for the order creation.
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Although both approaches can realize the goal for enabling EDI ordering, the reasons
for solution architects disagreeing with option 1 are: firstly, the IT holds the vision that
all cloud orders shall be dealt with via the OneSource Cloud application, thus Option 1
violates this vision; secondly, implementing option 2 is more cost-effective in the long
term because better cohesion is supported by all the cloud orders (either standalone
order or hybrid) being handled solely through interfaces between the OneSource Cloud
and the SAP-I.

The application representative engaged in this project is a director in charge of the SAP
development. As the SAP representative in the project, he is more concerned with how
the project is going to impact the SAP. More importantly, he shares what is in place in
SAP which not only encourages reuse but also validates new requirements in terms of
feasibility. However, with his engagement also came very detailed requirements
decisions, or pre-mature design decisions, in the BRS. For instance, “SAP will contain
the Threshold/Discount schedule” is specified as a data requirement in the resulting
BRS.

With SAP being treated as a black box in this requirements process, another main task
of the SAP representative is to produce a SAP blueprinting®. Created in parallel to
requirements decision making, the SAP blueprinting is often required for projects
involving significant SAP work (e.g. to enhance the contract creation process for
specific products or reconfigure the database table entries). It defines both the
requirements and design decisions dedicated for changes within the SAP. However,
there are cases where projects of significant SAP content have the BRS signed off
without SAP blueprinting, namely, the SAP blueprinting is produced after the BRS
sign-off. Then such cases have caught the IT teams’ attention and led to a series of
email discussions and one web-conference meeting to form a common opinion and
position on this issue: how projects in such cases should be handled. Key questions in
discussion cover what impact might be expected on churn or re-work on the BRS after
sign-off and how would that impact the HLD/HLE. The following are some excerpts of

email replies from three BAs during the discussion:

2 A SAP blueprinting is a document containing both requirements and high-level design solutions
specific to the SAP software. Those requirements are usually very detailed such as data set-up or
reconfiguration and how the process should flow within SAP in response to the overall to-be business
process.

95



“I was told that if any project has significant SAP content, SAP leadership expects the

project to include SAP blueprinting in parallel with the BRS.”

“[SAP] BluePrinting is another, related but completely separate process. [...] | would
expect those that are responsible for writing the BP to be somewhat involved with
BRS. [...] I would not expect BRS to be held up if BP resources are not involved.”

“Doing the BRS & Blueprinting as serial steps will both increase the overall time to get
to Reqts/Design Gate AND will increase the cost, as re-work of the BRS is highly likely
as the Blueprinting progress — they will find things that the BRS asked for are not
feasible/practical. (I could cite several cases of this type of scenario happening from
the ‘Berlin’ project alone, but have seen this on One Source projects many times

also).”

The above quotes reflect that the implementation context (i.e. the SAP) is highly
intertwined with requirements decision making. Moreover, the to-be solutions in SAP
also impact the to-be requirements for its associated, intended system(s). In other words,
the requirements and design should be developed together when there is significant

SAP work involved.

For the stakeholder composition in this project, it is evident that this project has
inadequate participation of the development-side stakeholders, with only one SAP
representative engaged despite that 5 other applications will also be impacted.
Therefore, requirements decision making lacks of input from the technical lead and
especially the representatives from the OneSource Cloud application team. As a
consequence, the sign-off of the BRS was prolonged and involved a series of
requirements changes. Specifically, according to the revision history in the BRS, after
getting signed-off by the business sponsor on 17 Dec. 2014, the BRS still went on for
another 17 versions, 10 among which encompass changes on requirements decisions.
The requirements change of “item 13 of Scenario 7> described previously is one good

example.

These changes are mainly triggered by feedback from two solution architects; another
solution architect joined in the project just for reviewing the BRS due to its complexity.
Among these additional revision records, there are additions of reporting requirements

in order to align with the business metrics the company has, e.g. “OneSource Cloud
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must be able to report on the number of Cloud Services orders that have requested a
Special Bid”. There are updates on assumptions in the BRS because some existing
system behaviours are listed as functional requirements rather than assumptions. This
happens due to the lack of information of what is already in place in the existing
implementation context, resulting from the lack of engagement of the application team
representatives, except for SAP. At the end, the BRS was fully signed-off on 24™ Feb.

2015, nearly two months after the initial sign-off from the business sponsor.

After the BRS was handed to the development team, the researcher interviewed the
technical lead of this project for any issues about the BRS. His feedback revealed that,
despite those aforementioned review and revision efforts, unfortunately, his team still
had many meetings with the business sponsor to clarify some requirements, as he
pointed out that the BRS contains many ambiguous and incomplete requirements. For
instance, he provided the example below which implies that the ultimate goal for bulk
user-detail uploading and the consequent data requirement to include the cloud service

number are overlooked:

“In the BRS, the requirement for bulk uploading of user details only talks about
uploading user details. But if you go to the original requirement (in the project
proposal) it talks about [a cloud service] provisioning efforts. Provisioning needs some
more information like the (cloud service) number. [...] The main application team

should be involved during BRS discussion. ”

In addition, there are some obvious but often omitted requirements such as for error

handling. The technical lead complained during the interview by questioning:

“What should be shown for users if something goes wrong?”

Moreover, there is an example where the defined scenario is completely infeasible. In
the BRS, two modes of promotion quotes are defined: standalone cloud promotions;
and hybrid (cloud plus premises) promotions. The hybrid promotion is a new mode for
both the business and the IT environment. However, when the BRS was handed off to
the technical lead, he spent many time to design a solution but at the end had to reject
the requirements for the hybrid promotions mode, for it cannot be achieved within the

existing implementations. In this respect, the technical lead commented:
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“The main application team should be involved during BRS discussion. Key people on
the impacted application team should be made aware of the requested business

changes. If needed, [they] can be involved in the discussion.”

The above descriptions exemplify that in case of inadequate engagement of the
application team representatives: some key requirements information may be neglected,
some error handling scenarios may be overlooked, and some infeasible requirements
may be specified. On the contrary, the adequate engagement of them can help validate

and ensure the completeness and correctness of requirements.

Overall, the development side stakeholders are seldom engaged, due to the time code
problem. The consequence of that is the BRS lacks of technical perspectives which

subsequently causes incomplete requirements as well as infeasible requirements.
5.5 Industrial Case Story 3: OneSource for Direct Customers
5.5.1 Project Situation

At the time, quoting and ordering for direct customers, as well as other related process
steps such as special bid processing are done outside the OneSource toolset with
multiple manual steps, disconnected process steps and heterogeneous pricing
methodology. This case story depicts an IT project which is to enhance OneSource to
manage the direct business with goals to make dealing with direct business more
efficient, and also to produce a higher quality output, with less manual checkpoints.
This case story’s focus is on the phase 3 of the project for which the goal is to enable
configured quotes (standard pricing), special bids and discretionary discount for direct

customers.

The project is driven by the need to enhance the business process, namely, to enable the
direct business model in OneSource. To that end, the solution will heavily rely on, i.e.
interface with, multiple existing systems. In this phase of the project, it impacts 15
systems, including SAP-I, OneSource (of which 6 sub-systems are impacted), FMW,
WebLogic, Salesforce.com, Special Bids Manager, OWCC, etc. It also impacts 6
business units mainly such as the finance, sales technical support and operations, and
also legal consultancy. Therefore, this project is strictly scheduled to go through the FD
process.
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Because of the complexity of the project, the BA has asked a technical lead, who is an
expert in OneSource, to provide an overall OneSource systems architecture diagram
concerning the direct business even before the BRS workshops kicked off. The diagram
is presented in Figure 5-6. As it turns out, this diagram serves as not only a context
diagram but also a high-level solution guidance. It helps both the BA and other relevant
stakeholders to gain a better understanding of the scope and solution context of the

project, which further helps the whole requirements decision making process.
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Figure 5-6 The current OneSource architecture, requested by the BA for requirements definition
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5.5.2 Representing Stakeholders and Their Contributions

This project involves a great many of stakeholders from a broad spectrum. Also,
because of the impact and dependence on the many existing implementations, many
development-side stakeholders are engaged including four technical leads and an
enterprise architect. Table 5-3 reflects the stakeholder composition as recorded by the
researcher for the case story. All these engaged stakeholders are internal to the

company.

Table 5-3 A representation of the stakeholder composition in Case Story 3

Stakeholder Role No. Stakeholder Role No. Stakeholder Role No.
Business Sponsor 1 App. Technical Lead 4 Business Analyst 1
Business SMEs 27 Solution Architect 1 Project Manager 1
Legal 1 Enterprise Architect 1
App. Team Reps 4 User Experience 2

Designers (Web)

Although there are 43 stakeholders in total that have engaged in requirements decision
making, they do not participate in requirements workshops altogether in the same time.
From the author’s observation, the maximum number of stakeholders that participated
in any single workshop is 16. This is because different stakeholders have their specific
areas of interest and then they prefer to participate in those sessions scheduled on the
topics that interest them. Furthermore, some stakeholders are identified and engaged
when needed in the course of requirements decision making. Figure 5-7 illustrates such
a case where a few stakeholders are suggested to review and decide whether Managed
Services orders are in scope of this project.
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May 6% —workshop #2for 1752.03
Attending: Scott, Claire, David B., Lalita, Ralf, Chele, Snigdha, Feng, Ammi, Pooja, Tricia, Uli, Judi
Motes:

1. We reviewed the notesfrom workshop #1

We noted thatwe need to review & decide if Managed Services orders (typically ZVAS order type is used
for Managed Services with Asset on Books types orders or ZBOS if not Asset on Books.)

Likely this would be out of our scope, but need to review with a few experts, Carla Santor, Angie
Sanders, Sherry Middenwere suggested.

Figure 5-7. A snapshot of a workshop minutes, where new stakeholders were identified

Among the 27 business SMEs, 7 of them are on the approval list to represent each of
the 6 impacted business units, except for one business unit having two business SMEs
responsible for the US and Global region respectively. These primary business SMEs
participated in the requirements workshops very frequently throughout the process.

Since the BA of this project has 21 years of working experience in this company, he
knows well about the general context of the project — the organizational business and
existing IT capabilities. Also, this project is the third phase of an existing project that
the BA is responsible for. Therefore, the BA shows no difficulty in planning,
organizing, and executing the requirements process. Very often, the BA would propose
solutions by himself and see whether other stakeholders, especially the business SMEs,
would agree or not. Furthermore, the BA has collaborated with the solution architect to
work out the HLD together because the BA is very knowledgeable in the current

business and IT environment of this project.

In this project, the existing business and IT environment has a great impact on both the
process efficiency and resultant decisions quality of requirements decision making. Not
only most requirements workshop sessions are spent reviewing the existing business
rules, business processes, and IT capabilities (through a demo or using examples of real
orders and contracts), but also most requirements decisions are made after considering
what is already in place for the purpose of better compliance with existing
implementations and also for reuse. For instance, the following quote from one of the

workshop minutes demonstrates such a phenomenon (notice the text in bold):
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“We discussed the mechanisms in place for releasing the billing block when
the license activation work is completed by APS.

Towards the close of the meeting, we discussed options for One Source to
handle the order with license activation. We will look at what’s being done for
PSN (ProServiceNow) Integration for the indirect business and see what could

be re-used to get as much automation as possible for Direct.”

Therefore, for BAs in charge of this kind of projects, they often actively search and
solicit project-relevant information about its existing IT and business environment.
Figure 5-8 illustrates such efforts made by the BA who sent an email to some business
SMEs requesting for the detailed information about the existing steps to create a quote

and subsequent order, etc.

From: Kelly, Jim (Jim Kelly)

Sent: Tuesday, May 05, 2015 5:48 AM

To: Menezes, Lalita (Lalita); Johnson, Judi M (Judi); Coffey, David W (David)

Cc: Bronstein, David A (David)

Subject: RE: AGENDA Reqts Wkshp #1 PTR 1752.03 Avaya One Source for Direct Customers — Configured Quote-to-Order incl Special Bids
Importance: High

Hi Lalita, Judi, David,
As an example, to help everyone understand this specific use case...

Would you or one of the team be able to go through the steps to create this Quote & subsequent Order (Sales doc =1799673) ...i.e.
How does the RFA license activation get included on the order? { I'm not sure this is something provisioned by ASD?)

And what special steps / handling are required for this material code? ...how is the service provided/managed ? what about billing , etc.?

Thanks,
Jim

Figure 5-8. A request from the BA to business SMEs for the existing business and IT
environment

Furthermore, Figure 5-9, which is a screenshot of an agenda email from the BA to all
stakeholders, further exemplifies that the BA takes the initiative by using sample orders
to encourage stakeholders to contribute information and thoughts into requirements
decision making. The BA, together with the business SMEs, have to come up with a
solution that not only realizes the ultimate business need for handling ““service elements
of configured quotes with licensing” for direct customers, but also specifies adequate

process details that are step-by-step, decomposed to the existing systems.
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Agenda for today:-

From what David mentioned Thursday, we need to dig into how service elements of configured quotes
with licensing can be cared for.
I'd like to understand how this is handled today & then look at how we might handle in One Source.

There are 4 sample orders below with different service codes, | don’t think the last 2 would be in scope
of what we can do (though |stand to be corrected...)...

Can someone have a look at these on SAP and be prepared to explain the scenarios below...how were
these orders created and how are they managed along the process to invoice time?

Thanks, Jim

Figure 5-9. A request from the BA to stakeholders for explaining the given examples

In the second requirements workshop, a OneSource application representative proposed
an idea of having a centralized storage for all the transaction-related documentations
because the current implementations store documents in a dispersed and replicated
fashion, which not only consumes storage space but also is not good for
synchronization. Regarding that, the business SMEs liked the idea and agreed to
discuss that further in the next meeting. As a result, enabling centralized storage
becomes a departing point that many subsequent requirements need to be determined
including the scope (what are these transaction documents and in which applications
they are generated), the upload and storage flow, the viewing and retrieval points and
flow, and the end-to-end tracking capability. To discover and make those requirements
decisions, the relevant business SMEs and application team representatives worked

together.

Since the company has purchased a digital signature solution, then the requirements
process director made an announcement during a BAs’ weekly reporting meeting that
he encourages BAs to incorporate this technology into relevant applications wherever
possible. Consequently, in this project as it involves requirements that customers have
to submit a signed order form for ordering and then get validated, the BA then
proposed to leverage the digital signature technology, so as to drive efficiency and
improve user experience. To do that, one relevant technical lead got involved for

introducing the digital signature process and discussing the feasibility.

Two versions of the project proposal were found for the overall project including all
phases. One characteristic of the initial version is that the business sponsor, who is the

OneSource business process lead, structures and specifies the project scope according
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to the respective, impacted systems and their associated changes imposed by this
project, rather than according to the business processes or the business matters such as
order placement, and agreement management. For instance, Figure 5-10 is a snapshot
of the project scope in the initial project proposal, exemplifying the high-level changes
to be made to the Customer Master Data module in SAP, and two systems - GPPR and
GPPC.

e CustomerMaster Data
o Should have the ability to request and setup a DIRECT customerin A1S and SAP
withina reasonable amount of time e.g. 5 days
o Note: At the BRS stage the list of known customers will be created/provided
however customers will only be converted over to A1S when their contract is
renewed or new customers added.
o Need a Master “LINK ID” to align with the contract and group the company ID’s
together. This LINK ID will be called the “DIRECT LINK ID* and can be used in
AlS justlikea T1 “Ordering Link ID”
« GPPR
o Stores contractandpricing details— pricing will be a combination of a CPG set
which may have an optional pricelist for specific parts
o (GPPC
o No significant changes but will reflect the contractually correct pricing and product
alignment with contract

Figure 5-10 A snapshot of the project scope in the initial project proposal

Intriguingly, in the second version of the project proposal, the project scope is
organized according to the business processes and subjects with more detailed,
corresponding functional requirements, rather than according to the impacted systems.
For instance, Figure 5-11 exemplifies the project scope concerning changes in Special
Bid Process, Medal Level based discounts, and Company ID field in OneSource, while
these changes may impact multiple systems as listed in the rightmost column. This
structure transition between the two versions implies that the business sponsor tends to
develop and determine requirements in terms of the existing implementation context
initially, and then to specify the requirements in terms of business processes or rules
changes. In this way, it can be interpreted that the solution at the requirements level

comes before the problem definition.
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Neo. | Description Systems

Special Bid Process SFDC, GPPR, 5BA

B-SSR pracess to be adjusted to accommodate DIRECT deal

4 requests. Current LINK ID based validations will be adapted to
accommodate Customer Hierarchy Node/Company ID based
transactions/validations.

Medal Level based discounts SFDC, GPPR, 5AP,
h] The medal level based discount shall not be applied for Direct quhoze-? {;}GES N
Customers. others:
Company ID field in OneSource All OneSource tools
Need to ensure that Company ID field in OneSource can handle
up to 13 digits/characters to align with the Customer Hierarchy
number on SAP.
]

10 chars is the normal limit of the Hierarchy Node in SAP, but we
may need additional chars on OneSource for blue EC quoting
accuonts for country specific engineering, which would have a
country code indicator on the end, e.g. 1234567890 GB

Figure 5-11 A snapshot of the project scope in the second project proposal

As seen from the two figures above, another characteristic of the project proposal is
that it contains varying levels of requirements information. Some are high-level; some
are as detailed as defining the length of the data field “Company ID” from a technical
perspective in SAP (in Figure 5-11), while some others could be viewed as a design
decision such as the design of the “DIRECT LINK ID” as a Master “LINK ID” (in
Figure 5-10). To note, it is the business sponsor who specified these details, in the
project proposal.

These characteristics of the proposal described above reflect that:

1. The existing implementation context is highly intertwined with the business
process. Hence, it is inevitable to consider and include constraints and elements
of the solution space when defining requirements.

2. As a result of that intertwining, the project proposal may already contain some
extent of design. For instance, the business sponsor has, in fact, allocated the

various functionalities to their corresponding systems before the BRS creation.

The business sponsor has meetings with the BA separately from other stakeholders, and
these meetings are often held in the beginning (for setting up business goals) and in the

end (for review and approval) of the requirements process.
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In this project, the enterprise architect participated only once in a review workshop due
partly to his tight calendar schedule and partly to the fact that this project is already
phase 3 and many key decisions are already made in previous phases. In one
conversation when the researcher mentioned an observation that there were more than
14 stakeholders participating in those requirements workshops but only about half of
them were actively engaged (i.e. making comments or suggestions), then the enterprise
architect responded “for myself I’d like to occasionally join in the conference call and
make no voice at all but it’s not bad. | can hear what is going on and understand the

problems”.

Overall in this project, the BA functions as a bridge between the business and the
development, while actively proposing requirements. The implementation context
influences a lot on the decision making, relying heavily on consulting the development

side stakeholders.
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Chapter 6  An Analysis of Requirements Decision
Making

The previous chapter has provided a portrayal of requirements decision making by
describing three case stories in the studied organization. Based on those cases and
combined with observations, meetings, and conversations with practitioners over the
nine-month embedded study, this chapter presents an analysis of and discussion on
requirements decision making. Meanwhile, it also provides insights and findings
addressing the first research question, i.e. how are requirements decisions made. As
revealed in the previous chapter, to answer this question two aspects are focused in the
case stories. First, how do various stakeholders influence requirements decision making?
Second, how does the existing implementation context influence requirements decision
making? The analysis of requirements decision making will also put an emphasis on

these two aspects accordingly.

This chapter starts with presenting the characteristics of stakeholders in the studied
environment. Based on that, a stakeholder contribution pattern in requirements decision
making is elaborated. Following that, the specific, key role of architects as stakeholders
is analysed. At the end, a conceptual model for requirements decision making is
presented which directly answers the research question for how requirements decisions
are made. In the model, both aspects of the stakeholders and the implementation
context are present. More importantly, their influence to the requirements decisions as
well as to the whole decision making process is reflected.

6.1 Characterizing Stakeholders

To recap, the company adopted the RACI matrix to clarify stakeholders’ roles and
responsibilities for making requirements decisions. Stakeholders responsibilities
comprise: Responsible for content, Accountable for the BRS, Consulted, and Informed.
In this context, a contemporary stakeholder classification is derived from the analysis
of the three case stories in Chapter 5. This classification is predominantly based on the
stakeholders’ influence in requirements decision making. It explicitly draws a line
between the business and the IT department, which in fact highlights the different

stakeholder roles within the IT department.
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Overall, this classification divides stakeholders into three categories: the business-

focused stakeholders; the development-side stakeholders; and the requirements

practitioners. Table 6-1 demonstrates the three categories along with some typical

stakeholder roles as recognized in the studied company.

Table 6-1. A stakeholder classification with examples in requirements decision making

Business-focused
Stakeholders

Requirements Practitioners

Development-side
Stakeholders

e Business / project
sponsor

e Users

e Customers

e Business SMEs

o Legal

e BAs

e BAs’ manager

e Requirements process
director

e Project manager

Solution architects
Enterprise architects
Technical leads
Development team
members / application
team representatives
Quality assurance testers

Business-focused
Stakeholders

Business Sponsor

Business SME

Requirements Contributors

Requirements Practitioners

FD Director

Report to

BAs Manager

Report to

Business Analyst

Requirements Practitioners

Development-side
Stakeholders

Enterprise Architect

Solution Architect

Technical Lead

Application Rep

Requirements Refiners

Figure 6-1. Key stakeholder roles that influence requirements decision making

Figure 6-1 illustrates the key stakeholder roles in the studied environment, organized

according to their main contributing role to requirements decision making.

Business-focused stakeholders are fundamentally requirements contributors. In this

category there are two main roles found in the studied environment: business sponsor

and business SMEs. Their engagement is usually to enable or constrain some specific
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business-related capabilities. Their interests and goals vary in details but ultimately
concern the delivery of business value through the system’s functionality, or through
the resulting financial or political benefit. For instance, a business sponsor often
initiates an IT project because she has received guidance from upper executives to
focus on sales, improve margin, reduce time/cost, engage with customer better, or to
improve reporting so that the business units can be more intelligent in their decision
making. Therefore, the business sponsor usually sets up the goals and directions for the
project and assigns relevant business SMEs to IT projects to work out the requirements
details. Business-focused stakeholders might use the to-be-built or impacted system
directly (e.g. users) or indirectly (e.g. business sponsor) or not use at all (e.g. the legal

consultant).

Development-side stakeholders are essentially requirements refiners who mainly
come from the downstream development teams, such as a SAP representative who
might be a developer in the SAP development team. In this category there are four
typical roles found in the studied environment: enterprise architects, solution architects,
technical leads, and application team representatives. Their interests and goals are to
provide or to secure the best solutions for the project (e.g. technical leads) and also for
the organization (e.g. enterprise architects), and meanwhile to ease their work by

ensuring a good-quality BRS.

The last category of stakeholders is the requirements practitioners. Stakeholders in
this category include BAs, BA’s manager, and project manager. Also in this category
as found uniquely in the studied company is the FD director, who may implicitly
influence requirements decision making, such as in Case Story 3 through passing on the
strategy for adopting digital signatures. Requirements practitioners execute or facilitate
the execution of requirements decision making. Their general interests and goals are to
successfully deliver the project through producing high quality requirements

specifications in a cost-effective manner.

6.2 A Pattern for Stakeholder Contributions

The preceding section characterizes the general roles of the three categories of
stakeholders in enterprise systems development. With respect to how requirements

decisions are made, the role of key stakeholders under each category merits
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investigation. In doing so, a stakeholder contribution pattern is constructed, grounded
in the three case stories in Chapter 5 along with communications with practitioners in

the studied environment.

Gotel (1995) proposed the “contribution structure” underlying a requirements artefact,
such as the BRS document in the studied company, to indicate “all the contribution
relations that have been defined for it”. The contribution relation is a relationship
between an agent, i.e. a stakeholder, and an artefact where the former contributes to the
production of the latter. Rather than focusing on the tangible requirements artefact, the
stakeholder contribution pattern in the thesis has an emphasis on the requirements
decision making process. Some information or activities contributed by one stakeholder
may not result in a tangible requirement decision as an artefact at the end, but they can

contribute to the requirements decision making process.

6.2.1 The Five Dimensions

The stakeholder contribution pattern is a framework, portraying an understanding of
how stakeholders influence requirements decision making through answering the five
W questions as revealed earlier in Chapter 5. The five W questions are Who, What,
How, When, and Why, constituting the five dimensions of the framework.

WHO - Role: the first dimension of the framework reveals the stakeholders involved
in requirements decision making. Understanding that not all projects would need or be
able to get all the stakeholders as shown in Table 6-1, a list of key stakeholders is
selected and covered in the framework. For instance, we exclude quality assurance
experts from the framework because very little data is collected about them since they

usually do not attend requirements workshops though being invited.
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Table 6-2 Stakeholders' contribution influence

Stakeholder

Stakeholders’ contribution influence
category

Business-focused

stakeholders The degree of business value (referring to Table 6-3)

The degree of feasibility, completeness, and granularity of requirements
decisions and the degree of fitness to the organizational roadmap and
enterprise architecture (referring to Table 6-4)

Development-side
stakeholders

Requirements The quality of requirements specifications and also the efficiency of the
practitioners requirements process (referring to Table 6-5)

WHAT - Content / Characteristics / Efficiency: this dimension addresses the essence
and the effect of the contribution. Table 6-2 outlines the nature of stakeholders’
contribution influence. Specifically, among the various stakeholders, business-focused
stakeholders primarily contribute to the content of the requirements decisions, which
further influence the degree of business value. Development-side stakeholders shape
the characteristics of the resulting requirements specification, encompassing the degree
of feasibility, completeness, and granularity of requirements decisions, and the degree
of fitness to the organizational roadmap and enterprise architecture. Requirements
practitioners mainly influence the efficiency of requirements decision making as well

as the quality of the requirements specification.

HOW - Activity / Task: this dimension clarifies by what means various stakeholders
make their contributions. Some contribute by attending requirements workshops while
others might prefer communicating via emails. To break it into further details, different
stakeholders are often assigned with specific tasks due either to their responsibility in

the project or to the request asked by the BAs.

WHEN — Time & Frequency / Situation: the fourth dimension specifies under what
kind of project situation a stakeholder role is required to be engaged and at what point

of requirements decision making the stakeholder usually engages and how frequently.
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WHY — Goals and Interests: the last dimension explains the stakeholders’ motivations

(goals and interests) for participating in requirements decision making.

6.2.2 The Framework

Based on the above introduction of the five dimensions, a stakeholders’ contribution
pattern is derived. For business-focused stakeholders, as outlined in Table 6-3, their
inputs contribute to the degree of the business value of the project. For instance, the
business or project sponsor, with the interests and goals to gain business value from the
successful delivery of IT projects, makes contribution to the business case and metrics,
the project scope, and the final requirements, through submitting the project proposal,
determining the scope and final requirements, and changes of scope. For business
SMEs, they have the most input into the requirements specification, contributing
information and insights for the current and proposed business environment via demos,
examples, screen shots, documentations etc., and defining functional requirements
including business rules at length. They are interested in improving their work
efficiency and productivity or just for the purpose of assisting the BAs as they are told
so. The primary business SMEs often attend all requirements workshops while the
secondary business SMEs often attend those that require or interest them.
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Table 6-3. The framework representing the contribution practices of business-focused stakeholders

Business Degree of business value: Submit the project proposal; Active at the beginning and Gain business value from
Sponsor Business case and metrics; Determine the scope and final the end of requirements the successful delivery of
Scope; requirements and change of scope. process IT projects.

Final requirements

Business SME Degree of business value: Share information via demos, Primary business SMEs are Improve business process
Current business examples, screen shots, active most of the time while and work productivity
environment; documentations, etc. secondary SMEs are active
Proposed business Speak out current challenges and when needed.
environment; needs;

Functional requirements Define business rules and processes

and new functional requirements
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For development-side stakeholders, as outlined in Table 6-4, their inputs contribute to
the degree of feasibility and completeness of requirements decisions, the granularity of
requirements decisions and also the degree of fitness to the organization roadmap and
enterprise architecture. Generally interested in assessing the impact of business changes
on existing implementations and also the feasibility, development-side stakeholders
often drive questions during requirements reviews or even after the requirements sign-
off which results in requirements rework or even project change request. Overall, the
development-side stakeholders exhibit a passive attitude in participating in
requirements workshops, and hence their engagement is evidently limited when
comparing to the business-focused stakeholders. The feedback from a BA reflects that
attitude:

“I am typically involved in business-sponsored PTR’s (IT projects references) and the
thing that | have found to be most difficult in achieving goals is getting the various IT
members engaged, to attend meetings and to provide necessary mindshare to flesh out
requirements (not generally so with business participants). ... on the development side
(more generally) | also encounter a phenomenon... often times, no response to meeting
invitations and no shows to meetings. Also, Solution Architects often not really engaged

until final document review. ”

Specifically, the application team representatives are more actively engaged in
requirements workshops when the project is heavily dependent on and has significant
impact on the existing implementations. For instance, the third case story exemplifies
this situation. For the other three kinds of architects listed in Table 6-4, details

regarding their roles and contribution patterns are reserved in Section 6.3.
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Table 6-4. The framework representing the contribution practices of development-side stakeholders

App. Team
Representative

Solution Architect

Technical Lead

Enterprise
Architect

Degree of feasibility:
Functional requirements;
Assumptions

Granularity of requirements
decisions

Degree of feasibility and
completeness

Granularity of requirements
decisions (level of details)

Degree of fitness to the
organization strategy, business
process and the enterprise
architecture

Share information of current IT capabilities;
Validate and suggest requirements;

Point out system / technical constraints
(assumptions)

Advise BAs;

Review and validate requirements;
Propose alternative requirements
Determine the completeness of details in
the BRS.

Validate requirements;
May ask for specific level of details for
requirements

Define IT visions;

Provide overarching support for BAs when
necessary;

Recommend the corporation solution,
platform, or vendor for particular functions
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Occasionally, but more active
when the impact is significant

Periodically engaged but very
active at the end for reviewing the
BRS

Occasionally but more active at
the end for reviewing BRS and
during requirements change
request

Before the BRS kicks off (e.g.
triage);

Rarely engaged in requirements
workshops but more for review
workshops

Assess the impact of business
changes and the technical
feasibility

Ensure the business-1T
partnership and alignment;
Produce HLD / HLE

Assess the impact of business
changes and the feasibility;
Provide technical solutions;
Trade off requirements vs.
budget

Ensure the integrity of
enterprise architecture and the
business-IT alignment.



For requirements practitioners, as outlined in Table 6-5, their inputs contribute to the
quality of requirements specifications and also the efficiency of the requirements
process. With the job responsibility to create the BRS and goals to ensure its quality
and the efficiency, the BAs collect and analyse information. With the knowledge they
have of the existing IT and business environment, along with the visions instructed
from the upper management, they propose requirements and facilitate the discovery and
agreement of ideas for new requirements. For BAs’ manager and the requirements
process director, with their goals to monitor and ensure the quality, clarity and
timeliness of the BRS, they review weekly updates from BAs about their projects
progress and provide help when needed but meanwhile often set deadlines for projects
which in turn affects the ways in which the BAs create BRS. The project manager’s
contribution is not evident from the observations in the three case stories. However,
based on the feedback that the researcher has with the BA group, it is concluded that:
the project manager, responsible for assessing the available resources and managing the
project progress, would influence the progress of requirements decision making. They
would drive the decision making by coordinating between the business units and the IT,
especially when there are problems concerning timeline, project scope, budget, and

resource.

For instance, regarding the project manager, one BA commented that:

“Some do little and some get right into the detail participating in requirements
conversations. In general, their role is not to influence functional requirements
decisions pertaining to business rules, business validations etc. [...] they will influence
the requirements process when it comes to things that impact scope, timeline/project

schedule, budget, and resource required or resource availability”.
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Table 6-5. The framework representing the contribution practices of requirements practitioners

When there are problems

Assess available resources; concerning timeline, project .
. Progress; SS€ - . . 9 proj Assess available resources
Project Manager Dependencies Drive decision making by working schedule, budget, resource and manage project progress
P between IT and the business units availability or resource
required.
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6.3 Architects’ Influence on Requirements Decision making

The previous section has presented the stakeholders’ contribution pattern in
requirements decision making, but intentionally left the architects’ contribution to be
addressed separately in this section. The reason is that the architect plays a special, key
role in requirements decision making; and regarding that, the three case stories
described in Chapter 6 have shed some light, but are limited to the requirements phase,
while in fact architects’ influence on requirements occurs before and also after the
requirements phase. As introduced in Chapter 2, there are different kinds of architects.
In the studied environment, three kinds of architects are identified and studied, namely
the enterprise architect, the solution architect, and the technical lead. Therefore, this
section will thoroughly clarify the role of these three kinds of architects, as

stakeholders and their influence on requirements decision making.

Table 6-6. Activities and influences from architects to requirements decision making

Project Requirements Requirements  Architecting
Proposal elicitation validation
Who Enterprise Enterprise Solution Enterprise
architects; architects; architects; architects;
Solution architects  Solution Technical leads  Solution
architects; architects;
Technical leads Technical leads
Activities Triage (Assessthe Advise BAs; Point out missing Frame

project proposal
and navigate )

or infeasible requirements;

Provide . .
requirements;

overarching Negate / propose
support Sign-off requirements

Influence on  Constraining Shaping Ratifying Refining
requirements

Considering when requirements decisions are made, the researcher observed four stages
where architects may impose influence on requirements decisions. The four stages
correspond to a series of activities in which different architects may participate in the
SDLC. Table 6-6 summarizes the activities and influences from architects to
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requirements decision making. Specifically, the four phases, corresponding influences
made by respective architects, and the associated activities are described as follows.

The Project Proposal Phase — refers to the period before the proposed project is
approved to proceed and start the BRS work. In this phase, both the enterprise
architects and the solution architects impact on requirements decision making through
the Triage Council. The Triage Council, as described in Section 4.3 uses a triage
questionnaire which asks questions like “Is this project going to decommission any
system”, and “what systems are impacted by this project”. In this way, the project is
attached with constraints imposed by the existing implementations as well as the
strategies for the to-be solution, such as the strategy to decommission a particular
platform and move to a new one. In this phase, the architects influence on requirements

by constraining the problem/solution space.

The Requirements Elicitation Phase — refers to the period when the BA works on the
creation of the BRS, focusing mainly on information search and idea discovery but not
starting the review of the BRS yet. In this phase, all the three kinds of architects may
get involved, but in a very scarce frequency, since they are scarce resources.
Nevertheless, the researcher observed that when the BA encounters problems to make
progress in requirements decision making, they often turn to the solution architect or
even the enterprise architect for advice. The architects then would point out directions
for how to proceed with the project. Specifically, for the enterprise architect they would
provide overarching support just when some requirements are of significant impact or
cannot be decided or agreed by the BA and other stakeholders. Regarding this, one BA’

feedback on the role of enterprise architect provides additional details:

“The EA (Enterprise Architect) gets involved generally for requirements that are
ground breaking/controversial or that have multiple possible solutions or where the
Tech lead (IT Dev Prime) is insisting on something that is pure daft and we disagree

with.”

Sometimes the technical leads may be of help in terms of providing information
regarding the implementation context, such as providing the architecture diagram in the
third case story. Overall, in this phase the architects have a shaping influence in

requirements decisions.

121




The Requirements Validation Phase — refers to the period when the BA works on the
review of the BRS till the BRS gets signed-off by all required stakeholders for approval.
In this phase, all the three kinds of stakeholders may get involved, depending on the
project situation. Typically, the solution architect would certainly be engaged as they
are required to sign off the BRS. For the technical lead, their engagement is rare since
the FD process implies that development teams should not interfere in the requirements

phase.

Yet, for projects like the one in Case Story 3 where the project has significant impact
and/or dependence on the existing implementations, the technical lead would then be
part of the core team for reviewing requirements decisions. Also in these cases, the
enterprise architect would occasionally join in, especially when requested by the
business analyst. For instance, in Case Story 3, there is a decision to make about the
scope problem — “is SME (Small-Medium-Enterprise) in or out of scope for Direct?”
Regarding this, the enterprise architect participated in the requirements review
workshop and provided his insight “SME should not be sold direct to an end customer.

They should be directed to purchase from a partner.”

In this phase, architects primarily aim at assessing and validating the requirements from
a technical perspective, so typically they would point out missing or infeasible
requirements. Very often, the solution architect is the last one who signs off the BRS.

This implies that architects impose a ratifying influence on requirements decisions.

The Architecting Phase — refers to the period when the architectural design is carried
out after the BRS has gained sign-off. In this phase, all three kinds of architects are
involved and may influence the requirements decisions. For the solution architect, they
produce the High-Level Design (HLD) and High-Level Estimation (HLE); together
with the technical lead, they produce the architectural design which has to go through
the Architecture Review Board (ARB) meeting which is in charge by a group of
enterprise architects. At this stage, the requirements are already signed-off, any change
would cause either a rework on the BRS or even a project change request if the change
is significant. Overall, the architects have a refining influence on the requirements

decisions.
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6.4 Deriving a Conceptual Model for Requirements Decision making

The previous two sections have presented an understanding of the stakeholders’
influence on requirements decision making. Additionally, the three case stories
described in Chapter 5 have shed some light on how the existing implementation
context influences requirements decision making. Taken together, a conceptual model

for requirements decision making is derived. Figure 6-2 depicts the model.

Project Situation | Current Business / IT Environment
Impactsl lJustifies
&
2. Stakeholder Composition Business / IT Goals
o\ )
3 S
<
[a3)
= g
=] 1]
oa o]
3.
3
0]
Level of Detail Requirements Decisions

Figure 6-2 A conceptual model for requirements decision making

In what follows, the model is elaborated by a list of propositions. These propositions
are further clarified and supported with evidence that are already presented in Chapter 5

or additional data as collected in this study.
Proposition 6.1. The project situation impacts the stakeholder composition.

Overall, the observation shows that the project situation impacts the stakeholder
composition. The stakeholder composition indicates the way in which these
stakeholders are engaged in requirements decision making. It is concerned with two
aspects mainly, the Who and the When, i.e. which stakeholders and when they are
engaged. In this thesis, the project situation is defined with respect to three aspects of

the project and its context, including both the context of use and the context of
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development. The three aspects encompass the project complexity, the project variation,
and the project development process.

The Project Complexity as observed in the studied environment is determined by two

dimensions: the level of change, and the configuration of stakeholder relationships.

The first dimension, the level of change, is determined by the scale of impacted
business areas and impacted applications. For instance, with respect to the level of
change, the project in Case Story 3 is more complex than the one in Case Story 1, as
the former impacts four business areas and six existing applications while the latter

impacts six business areas and 15 applications.

The second dimension, configuration of stakeholder relationships, is one
underpinning aspect of the context of development as introduced in Section 2.3.1. For
instance, for a contract-for-a-product project, its client, customers, and development
team may belong to completely different companies, while for projects in the studied
environment of this thesis as in in-house development most stakeholders belong to the
same company. Yet to be precise within the in-house development, whether
stakeholders are all internal or partly external to the organization is one concern for the
project complexity. For instance, projects might have to engage external stakeholders
when they involve vendors or have impact on systems external to the organization.
Such situations add complexity to the stakeholder composition and also to requirements

decision making.

The Project variation is concerned with what kind of development the project is
mainly based on, regarding its relationship to the existing IT environment. As far as the
author identified in the studied organization, project variations include two aspects of
concerns: stand-alone vs. part of a larger program, new vs. enhancement to existing

systems.

Regarding the former aspect, for instance, the projects in Case Story 1 and 2 are stand-
alone ones, while in contrast the project in Case Story 3 is part of a larger program
as it is the third phase of the overall Direct Customer Project. Regarding the latter
aspect, a project is: new if it is either introducing a new, significant business
process/model or building a new application; enhancement to existing systems if the
project is mainly to modify existing implementations and no new application is created.

Enhancement projects may concern integration such as the project in Case Story 1,
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improvement such as the project in Case Story 2, and migration such as a project tasked
with goals to migrate the existing functionality to a new platform.

Another aspect of the project situation is the software development process. Despite
being in one organization, the development processes for different projects can also
differ. Such difference has been found in the studied organization within which three
different project development processes co-exist, namely, the FD process, Fast Track,
and the Voice of the Partner. The difference of these processes mainly lies in the

planning, requirements and design phases.

The FD process is introduced in Section 4.2 which is the dominant development
process for most IT projects. One characteristic of this process is that no development
team is assigned to a project until it passes the R&D Gate. This characteristic
purposefully inhibits the engagement of the development-side stakeholders in
requirements decision making. As a consequence, it influences the stakeholder
composition. One evident example of this influence can be seen from the project of
Case Story 2 which only engaged two stakeholders from the development side (see
Table 6-7).

The Fast Track is for some special projects that are very important and urgent that
could not wait to go through the FD process. The fast track development process is
basically the same as illustrated in Figure 4-1. In this process, the development teams

are more actively involved in requirements decision making.

The Voice of the Partner is a weekly meeting to gather feedback from some
representatives of the organization’s customers (e.g. partners, resellers and distributors),
who are also the real users of some applications delivered by IT. It reflects the practice
of ‘the voice of the customer’ in the product development approach — Quality-Function
Deployment (QFD) (Brown, 1991) which emphasizes the importance of obtaining and
following customers’ needs directly. In the studied company, here are some special IT
projects initiated based on the Voice of the Partner meetings. These projects are usually
small and discrete enhancements to current applications and release in a monthly basis.
They have their own process to deal with requirements which in this thesis is referred
as Voice of the Partner. Requirements are documented by an individual who is always
responsible for this one iterative project but he is not managed by Team BA. He takes

over some initial set of requirements (prioritized already) from his colleagues
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responsible for the Voice of the Partner. Then he works with corresponding
stakeholders to discover and decide on requirements details. The resultant BRS for

these projects is very different from those in the other two development processes.

These differences exhibit in four ways. First, there is often no one-single-core
application that the BRS focuses on and instead the focus is scattered across a variety
of applications. Second, there is no use case in the BRS. Third, the BRS contains many
technical details and design decisions and very often design decisions are listed as
requirements. Last, in many cases there is even a developer assigned for each
enhancement to be made in the BRS. Figure 6-3 is a typical example taken from one
BRS of this type of project, which exemplifies the characteristics described above.

6.15 Enhancement 15 — Add MPA Quote 1D to SAP Field “MPA Sub ID”

Enhancement Developer Module Wi
Master wi wil1211857
e " John Donohoe ECS wil1217371
Add MPA Quote ID to SAP Field “MPA Sub ID Jimmy Walsh GAMS Wi01217372
Matt Fisher MPA wil1201296

Figure 6-3 An example of a detailed requirement with developers assigned

With an understanding of the concept of the project situation as described above,
Table 6-7 illustrates a comparison of the project situation for the three case stories in
Chapter 5. Overall, seen from the table the project situation does influence the
stakeholder composition. In general, the more impacted applications, the more
development-side stakeholders. Similarly, the more impacted business areas, the more
business-focused stakeholders. Furthermore, when projects are new rather than
enhancement, they are more likely to require and get more support and engagement

from the architects.
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Table 6-7 Comparing the three case stories

Project situation vs. Stakeholder

.. Case Story 1 Case Story 2 Case Story 3
composition
No. of 4 8 6
o i ted
o) impacte
3 e business
K=} o,
a o areas
o o 5 No. of 6 6 15
o = @
=3 3 ® impacted
’(_ﬁr —_ . .
@ 2 applications
§ =< Configuration of All internal All internal All internal
g' stakeholder
relationships
Project variation Stand-alone, Stand-alone, Part of a larger
enhancement enhancement program, new
S/W development process FD process FD process FD process
Business-focused 12 15 29
stakeholders
Stakeholder Development-side 8 2 12
Composition | Stakeholders
Stakeholders total 22 18 43
Dev/Business ratio 67% 13% 41%
Design Design decisions 7 1 1
decisions masked as
requirements
Total requirements 23 54 47
Design/requirement 30% 2% 2%
ratio
Proposition 6.2. The stakeholder composition influences requirements

decision making.

The stakeholder composition of a project concerns not only who are engaged but also

when they are engaged in requirements decision making. In this way, the stakeholder

composition is in accordance with the Who and the When dimension of the

stakeholders’ contribution pattern described in Section 6.2. Through these different

contributions by different stakeholders, the stakeholder composition influences

requirements decision making.
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Specifically, in the studied organization the business-focused stakeholders have always
been viewed as the default and mandatory participants for discovering requirements.
Yet the engagement of the development-side stakeholders is uncertain, varying from
projects to projects. Therefore, the variation of stakeholder composition mainly
originates from the presence or absence of the development-side stakeholders, which

subsequently influences requirements decision making to a great extent.

With the presence of development-side stakeholders, they channel influences to

requirements decision making through two ways mainly.

One channel of influence is made through providing (technical) information. Such
information could be some of the current capabilities of the existing IT systems or
some technical constraints in the existing IT environment. With the presence of such
information, BAs get to know the current as-is IT environment and then might make

requirements decisions differently so as to better comply with the as-is IT environment.

The other channel of influence is made through evaluating the requirements from the
technical perspective for ensuring their quality such as clarity, completeness, and
feasibility. On the one hand, development-side stakeholders might point out missing or
ambiguous requirements. Engaging development-side stakeholders helps solve issues
as identified by one technical lead in his recent projects:

“The BRS did not have any input from technical perspective. This is the biggest
issue for me, as it has entailed countless hours being wasted trying to clarify the

business ask.”

On the other hand, development-side stakeholders might disagree with some
requirements, propose alternatives in case of that business-focused stakeholder might
ask for some functionality that are sound in respect of business needs but are
technically infeasible or too costly to implement, or propose new requirements that the
business-focused stakeholders have not considered. In this way, the development-side
stakeholders can point out those problems as soon as possible based on their technical
expertise and knowledge on the existing IT environment. At the end, the business
analyst could re-negotiate those requirements with the business-focused stakeholders

and make requirements decisions that are agreed by both types of stakeholders.
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Proposition 6.3. Requirements decisions have different levels of details.

As revealed in the literature review, there are different levels of requirements. More
specifically, various requirements exhibit different levels of details, from high level
features to very detailed requirements about data, a small operation, etc. Some
requirements are more business oriented, namely containing only business terms. Some
are more technical oriented, specified using a lot of technical terms or current system

elements such as SAP field.

By examining and analysing the requirements specification, the different level of
details manifests itself in terms of two dimensions: the external visibility and the
implementation dependence. The external visibility indicates the degree to which the
requirement is externally visible. A requirement is externally visible if it has at least
one stakeholder or external system involved as either initiating the function described
in the requirement or being affected by the function; the external system means one that
is external to the project scope or the organization. The implementation dependence
indicates the degree to which the requirement is constrained with a certain
implementation decision. More implementation-dependent requirements are those that
contain technology choices or involve changes on many existing system elements,
especially those very low-level and technical system elements. Those requirements
usually present a mapping or alignment of real world concepts to existing

implementations entities.

To be specific, some requirements decisions are quite high level which are of high
external visibility and are less implementation dependent such as the BR-F-001 in
Figure 6-4, which can then be decomposed into several detailed system requirements of
lower external visibility (e.g. SR-F-003) and more implementation dependent (in

connection with the specific system that the requirement is impacting on).
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BRS# Business Requirement SRS8# System |System Requirement Owner Implementation/Dependencies

Users shall have the ability to start APS quoting from|
a standalone or parent quote on the A18-EC Quote
EC Center page. The user will be able to click on the
Wrapper |“Generate Pro Services Quote™ button and then be
redirected from QC to PSN, opening up the PSN New
Quote screen in a new window.

Create PSN quote from OneSource EC Quote Centre page.
Users shall have the ability to start APS quoting from a standalone o parent
BRF-001 [EOW/Mtce-QRN on the ALS Quote Center and automatically launch PSN to SRF-001
create/enter quote details.
(See section 6.3.1 for screenshot)

| Add “Generate Pro Services Quote™ button to
the A1S Quote Center page. This button would|
Roughan Bass |be visible for only W/ Mtce QRN (Standalone
& Parent quotes) and hidden for other quotes.

Users shall have the ability to start APS quoting from|
a standalone or parent quote on the EC Data Quote
Center page. The user will be able to click on the
“Generate Pro Services Quote™ button and then be
redirected from QC to PSN, opening up the PSN New
Quote screen in a new window.

BR-F-001 |Create PSN quote from OneSource EC Quote Centre page. SRF-002 |ECData Doug Raftery | the EC Data Quote Center page. (See section

XXX for screenshot)

| Add “Generate Pro Services Quote™ button to

Automatically open the New Quote screenin

PSN needs fo be able to accept the data passed from
A1S and, once authenticated, automatically open up
the New Quate screen prepopulated with the data
received from ALS.

from A1S (See section 6.3.3 for screenshot).
BR-F-001 |Create PSN quote from OneSource EC Quote Centre page. SR-F-005  |PSN
AIS, but need to det we can pass all
the required data or if we'll need to do a WS
call to A1S for additional info?

PSN and populate, where applicable, with data

Michelle Nestor| The initial data will be passed via a POST from

Figure 6-4 A high-level business requirement decomposed into three detailed system
requirements, snipped from a document created by a technical lead

Some requirements decisions, on the other hand, are very detailed in the sense of being
externally invisible and so implementation dependent as to be regarded as premature

design decisions. The following requirement is an example of this kind:

“PLDS (a system) must configure a field that contains a CaaS flag/indicator in

the Company table.”

Proposition 6.4. The project situation and the stakeholder composition

determine the level of details of requirements decisions.

Overall, the level of details of requirements varies from high level to very detailed
along with requirements decision making, from business goals, use cases, to detailed
functional requirements. Yet within the functional requirements, there are again
varying levels of details. Moreover, it depends on both the project situation and the
stakeholder composition to determine how detailed the levels should be. In general, the
more impacted applications, the more development-side stakeholders. Similarly, the
more impacted business areas, the more business-focused stakeholders. Furthermore,
when projects are new rather than enhancement, they are more likely to require and get
more support and engagement from the architects. Also, as one senior BA pointed out,
technical leads sometimes would ask for a specific level of details for the requirements

specification depending on how familiar they are with the impacted systems.

As shown in Table 6-7, Case Story 1 has the highest ratio of development-side
stakeholder engagement than the other two case stories. Compounded with the fact that
the project is an enhancement to existing systems, the resultant BRS contains more pre-
mature design decisions as requirements. On the contrary, Case Story 2 shows only one

pre-mature design decision out of the total 54 requirements decisions, mainly due to its
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low engagement of development-side stakeholders (2 in total). Interestingly, Case Story
3 has a relatively high ratio of development-side stakeholder engagement, yet still
shows a low ratio of pre-mature design decisions. The main reason is that, despite that
the project will impact on and reuse many existing applications, the project is
fundamentally new, establishing a new business process/model rather than enhancing
existing ones in the other two case stories.

To summarize, the more engagement of more development-side stakeholders, the more
pre-mature design decisions in the requirements specification. Additionally, new
projects may result in less technical-detailed requirements decisions as compared to

enhancement projects.

Proposition 6.5. The current business/IT environment justifies the

business/IT goals.

As mentioned earlier, one section in the BRS template is the Business Rationale. The
Business Rationale basically specifies the business problem as well as the business
goals. Following that section in the BRS is the Current Business Environment. As
many business processes are highly intertwined with the IT application systems, the
Current Business Environment also addresses the current IT environment in terms of
what IT functionality or capability in place. In this way, both sections clarify the
background and motivation for making requirements decisions. In the thesis, the term
“current business/IT environment” refers to the existing business processes and IT
systems within an organization. The current business/IT environment not only
provides a context for describing the problems for a project but also justifies the

business or IT goals for the project.

To note, for both ‘environment’ and ‘goals’, the prefix “business/IT” is added. The
reason to intentionally list ‘business’ and ‘IT’ together is because they are separate
entities but meanwhile are interdependent. From RE perspective, the business
environment resides in the problem space and the IT environment, which is also the
implementation context, resides in the solution space. Yet, in the contemporary
enterprise software development environment, they are more integrated with and
dependent on each other. So, when considering the contextual environment for a

project, the two aspects ‘business’ and ‘IT” are put together.
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Proposition 6.6. The current business/IT environment and goals drive

requirements decisions.

It is well known in the RE literature that goals including business and IT goals drive
requirements decisions (Dardenne et al., 1993; Clements and Bass, 2010), which
without exception has been observed in this research study. What is more, the current
business/IT environment has also been observed of importance in driving requirements

decision making.

Within the enterprise software development, a majority of IT projects are enhancement
to existing systems. Even for new projects such as the one in Case Story 3, they still
impact on and reuse existing systems. In this context, requirements decision making
relies heavily on the existing business/IT environment. Finding out the existing
business process and what is in place in the IT environment constitutes a significant
part of efforts in the requirements phase. Correspondingly, all the three case stories
have demonstrated that, through sharing their knowledge and understanding of the
current business/IT environment is one mean how both the business-focused
stakeholders and the development-side stakeholders contribute to requirements decision

making.
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Chapter 7 Challenges, Issues and Opportunities in

Requirements Decision Making

Along with the observations of how the requirements decisions are made, the
researcher also discovered some challenges and issues in requirements decision making.
They are further complemented and enriched by a survey study as described in Section
3.4. Specifically, the requirements challenges are solicited by surveying the Business
Analysts (BAs). The requirements issues in the BRS are discovered through surveying
the technical leads and Quality Assurance experts (QAs). Moreover, existing
approaches and ideas for addressing these challenges and issues are solicited from all
the survey participants. This chapter describes these findings. At the end, a discussion

regarding these findings is presented.

7.1 Findings on Requirements Challenges

Table 7-1. Main requirements challenges.

Dominant Challenges Freq. Sub-Challenges Freq.
RC 2. Difficulty to identify ramifications of 4
changes when introducing new requirements

RC 1. The thin & d

. e thin u'ne\{en sprea RC 3. Increased difficulty to define end-to-end

of business / application 4 Use case 1

knowledge (Curtis et al., 1988)

RC 4. Difficulty to identify all relevant (IT) 3
stakeholders / BUs early

RC 6. Difficulty to engage development-side 4
stakeholders

RC 5. Increased difficulty to . L

engage all the stakeholders 4 RC 7. Increased difficulty to gain sign-off 2
RC 8. Difficulty to schedule a meeting to 3
include everyone

RC 9. Lack of alignment by all )

relevant BUs (in PIF or later)

Primarily based on the replies from 8 BAs, the main challenges for requirements
decision making are outlined in Table 7-1, along with their frequencies (“Freq.” in the

table) as mentioned by the BAs. As shown in Table 7-1, the challenges are grouped into
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two categories: dominant challenges; and sub-challenges which are the subsequent
challenges resulting from the dominant challenges. The correlation between the two
kinds of challenges is established on either of the two bases: the two challenges are
brought up together by the same BA and stated in a cause and effect manner; or, they

show an inclusion relationship as identified by the researcher.

To note, the frequencies of the dominant challenges do not equal to the sum of the
frequencies of their sub-challenges. That is because those listed dominant and sub-
challenges were both independently pointed out by participants explicitly, and then it is
the researcher who linked and grouped them together into the table. In what follows,
these challenges will be described and clarified with evidence collected in the survey as

well as in the observation.

(RC 1.) The thin and uneven spread of business / application knowledge is one
principle challenge found in the enterprise software development. The name of this
challenge is borrowed and extended from Curtis et al. (1988) where they found in a
field study that “the thin spread of application domain knowledge” was an important
problem affecting the software design decision-making. In requirements decision
making, this challenge RC 1 indicates that very few stakeholders from both business
and development have a comprehensive and in-depth knowledge of the holistic
business/IT environment. Instead, the majority hold a limited, fragmented
understanding within their own expert domain. Yet, when it comes to requirements
decision making for projects that impact multiple applications (for some projects more
than 20 applications), the BA experience this challenge of lacking of knowledgeable
resources. The following feedback from two BAs exemplify this challenge.
[BA 6]: There are very few Business people that understand the end to end
business requirements across multiple systems. The Business teams are usually
experts in their own areas therefore it is usually difficult to agree upon
requirements from top to bottom. The Sales Process team are very helpful but it

is the experience of the BA that points out gaps in requirements, missing
stakeholders etc.

[BA 8]: There are very few people (if any) that have a view of the overall
picture at the start of the project (and same true at the end also sometimes!).
The majority in Business Functions only know their own area, same is true of IT
teams, barring very few, so as a BA or SA, you have to go around all the areas
and try to put the ‘puzzle’ together and identify where the cross-over/touch
points & interfaces are. This is a time consuming process.
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This challenge appears partly due to the large scale of enterprise software systems
compounded by their rapid, multifold development speed. Here the multifold indicates
that one system is involved in multiple projects for development at the same time. This
phenomenon is pointed out by one technical lead:
[Tech Lead 1]: We are working in an environment in which nearly every
application is changing pseudo independently and at as rapid a clip as possible.

The average Business Analyst, Technology Development Lead and Solution
Architect can’t possibly know all the changes under way.

Under this circumstance, it is difficult for all stakeholders to keep updated with the
ever-evolving business / application environment. Additionally, the organization has
not yet established a sophisticated knowledge base to store relevant information. As a
consequence, the thin and uneven spread of business / application knowledge is evident

for projects impacting multiple systems.

In particular, this challenge stands out more in projects involving complex applications
like SAP for it covers a wide breadth of business processes from ordering, shipping to
revenue recognition etc. and thus an in-depth business and technical understanding of
the SAP is crucial to ensure the requirements feasibility. More importantly, it is to
eliminate negative ramifications of changes at an early stage. Yet again, such SAP
experts are also scarce due to staff turnover. The following feedback reflects the point:
[BA 4]: [to eliminate] negative ramifications (not only in SAP itself (between
the various SAP processes) but also to the many applications/systems that SAP
interfaces with). As most of the SAP technical resources have changed a lot in
the past few years, there are very few existing SAP technical resources who

understand all of the complexities/nuances of the current business processes &
system logic in the different SAP functional areas.

As a result of scarce knowledgeable resources, it is (RC 2.) difficult to identify
(negative) ramifications of changes when introducing new requirements. The
ramifications of changes could be any business areas under impact from a high level, or
any “touchpoints”, i.e. interfacing points of each system from a low level. To identify
these ramifications is key to drive requirements decision making and to ensure the
completeness and subsequent correctness of requirements. The following feedback
including one from a technical lead reflects the difficulty in doing so:

[BA 7]: As details are explored, sometimes new touchpoints are identified

requiring new requirements or requirement changes. [...] New touchpoints can
increase the scope of a project further than initially identified. Sometimes
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requires additional BRS contributors who may be unaware of the proposed
changes and therefore opposed to certain requirements.

[BA 6]: Identifying impacted BUs (Business Units) can be difficult in the early
stages of the process because all of the requirements are not known until late in
the requirements elicitation phase. The PIF (Project Intake Form) certainly
does not call out all of the BUs nor the detail required to figure out impacts.

[Tech Lead 5]: For PTR 1743, there was a requirement on creating PDPs (Pre-
Defined Packages) but we had no clue on which all applications and systems
will be impacted.

Additionally, as a result of the thin and uneven spread of application/business
knowledge, (RC 3.) the difficulty to define end-to-end use cases occurs as one
challenge facing BAs:
[BA 6]: 1¢’s usually very difficult to define a use case that carries across many
systems. Finding a resource that knows the end to end process is difficult.
To find a knowledgeable resource knowing the holistic process is difficult, and
furthermore it is also (RC 4.) difficult to identify all relevant (IT) stakeholders / BUs
early. As one BA pointed out, it costs extra efforts and may delay the project schedule
if necessary stakeholders are not identified early on or are incorrect:
[BA 7]: The challenge is identifying all stakeholders early on in the BRS writing
phase. Usually we know what systems will be impacted, but the details of those

impacts necessitate the inclusion of contributors not identified early on. This
can cause additional meetings to be scheduled and impact the timeline.

[BA 5]: Business resources identified are not always correct, it may take some
time to establish correct business contributors.

Another frequently mentioned, dominant challenge is the (RC 5.) increased difficulty
to engage all stakeholders. Regarding this, some BAs elaborated on the (RC 6.)
difficulty to engage development-side stakeholders (one reason for this challenge as
alluded to earlier is the lack of management support for them to participate, i.e. no time
code for them to legitimately spend their time in requirements phase); some reported
the (RC 7.) increased difficulty to gain sign-off; some expressed the (RC 8.)
difficulty to schedule a meeting to include everyone. These challenges are common

in any software development projects and thus they require no further elaboration.

Another dominant challenge worth noting is the (RC 9.) lack of alignment by all
relevant BUs (in PIF or later). For projects influencing multiple systems, they usually

affect multiple BUs. For this reason, the alignment among all relevant BUs early is
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crucial to ensure a smooth requirements decision making. Otherwise, it will slow or

even inhibit the project:

[BA 6]: Very often BUs are not aligned. A recent example, APS BU sought to
change how material codes are presented to customers on Invoices and other
documents. OEFC (Order Entry Fulfillment Collections) were not aware of the
project nor in favor of the change because it would make things more difficult
for order entry. Although we have a solution for them, the misalignment of BU's
drove additional meetings, emails, and also brought in other BU’s from
Auditing, Revenue Assurance.

Aside from those challenges outlined in Table 7-1, there are some other challenges
mentioned once in the data and they include:

e (RC 10.) Misalignment between the expected and the realistic time frames to
complete a BRS.
e (RC 11.) “Skin-deep” BRS and time consuming if one BA engaged,

communication overhead if more BAs.

RC 10 concerns the time pressure facing BAs as they are confined with a time frame to
complete a BRS for each project. Yet, the expected time frame is all too often too tight
to follow. It is set up more for management reasons, lacking of any sufficient technical
estimation. As a result, a misalignment between the assigned time frame and the
realistic, actual one emerges as a challenge. It often causes incomplete requirements,

which is reported as one requirement issue by one technical lead:

[Tech Lead 6]: Incomplete requirements because of unreasonable deadlines (for
BRS sign-off) where the date is substantially more important than the content.

Partly due to the tight time frames, RC 11 reflects the difficulty to produce a content-
rich BRS for complex projects that impact dozens of applications. It reflects how the
breadth/scope of a project may impact the depth of its BRS. As usual there is only one
BA assigned for one project, and if it is still the case for those complex projects, then
the BA can only go “skin-deep” into those impacted business areas and define
requirements in a high level. It has to depend on other specialists, especially

development-side stakeholders such as technical leads to identify and elicit the details.
7.2 Findings on Requirements Issues

The survey also seeks to find out the requirements issues as viewed and experienced by

practitioners. The requirements issues are by themselves a reflection of issues in
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requirements decision making since requirements decisions are the end product of that
process. Primarily based on the replies from six technical leads and two quality
assurance experts, a list of requirements issues is identified. In what follows, these

issues will be described.

To start with, one key requirements issue found is the (RS 1.) lack of technical
perspectives in the BRS. It reflects the inadequate participation of development-side
stakeholders in requirements decision making. Additionally, it implies that the
technical input has been undervalued which can be seen from that the key IT
stakeholders (e.g. the technical lead) are not listed for signing off the BRS. This may
result in a poor quality BRS.

[Tech Lead 2]: “The BRS did not have any input from technical perspective. This is

the biggest issue for me.”

[Tech Lead 6]: “IT are not on the approvers list for the BRS thus when we get an

‘approved’ BRS it is generally in a poor state due to assumptions made by the

contributors. The current approach is the Throw it over the fence’ on the stated
date without regard for the validity of the content.”

One technical perspective for a BRS concerns the impacted applications. For lacking of
technical perspectives, that (RS 2.) not all impacted applications are included in
BRS is reported as one issue. Not including all impacted applications implies that not
all ramifications of changes have been discussed and approved by the business-focused
stakeholders. This issue is in accordance with the requirements challenge RC 2 —
difficulty to identify ramifications of changes. One technical lead’s reply provided an
example where this issue may occur — when adding a new data into SAP it may impact
multiple applications to which the data will be used.
[Tech Lead 4]: Often not all involved applications are directly listed. [...] A new
data is needed in SAP. So it is necessary to know all the applications where this
data should be shown. Here you need business information early to know which
implementation must be done in which application. Therefore a list of all

applications as reminder is helpful so that business can check and mark whether
there are other applications which should be modified.

Thus it is a good practice to get the technical perspective on what the impacted
applications are and discuss them with the business during requirements decision
making. Unfortunately, it is not always practiced that way, and instead that “often not
all involved applications are directly listed” is the practice. Subsequently, (RS 3.)
incompleteness of requirements is another evident issue for projects affecting

multiple applications which tend to result in more project changes.
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[Tech Lead 5]: In my experience, BRS impacting multiple applications are more
prone to missing specific requirements and we end up creating more RPCs
(Request of Project Changes).

Another technical perspective for a BRS concerns the requirements feasibility.
Regarding this, (RS 4.) requirements conflicting with existing architecture is

mentioned by one technical lead as an issue.

Furthermore, without validation from the technical perspectives (RS 5.) confusion
between a requirement and a fact is identified in the BRS. When the existing system
behaviour is mislabelled as requirements, it reflects the challenge RC 1 concerning the

thin and uneven spread of application knowledge.

[Tech Lead 2]: It does not clearly state what is a requirement as opposed to a fact.
For example, | have seen existing system behaviour being listed as a requirement
rather than an assumption.

Regarding the technical perspective, on the one hand it is necessitated and good to
consider for projects impacting multiple applications, otherwise RS 2-5 are identified
consequences. Yet on the other hand, getting input from the technical perspective also
leads to (RS 6.) premature solutions in the BRS. This issue is evident in Case Story 1
where 30% of its requirements are premature design decisions. The risk is that these
premature solutions may obscure the real business problems and business requirements.
Therefore, if getting input from the technical perspective too early (RS 7.) unclear
business ask appears. The business ask indicates the business rationale and business

requirements.

[Tech Lead 2]: The business ask is not clearly stated. | would like the business ask
to be fairly high level and without too much system details as to how it would be
done. If we need systems details, then the technical lead/architect needs to be
involved to guide the BRS from a systems’ perspective.

Apart from issues relating to the technical perspectives, (RS 8.) redundant
information in use cases and (RS 9.) lack of requirements prioritization based on
budget are also reported. For these are quite common issues, here provides no further

elaboration.
7.3 Findings on Requirements Opportunities

Following the question concerning requirements challenges and issues, the

questionnaires contain a question to solicit ideas and existing approaches to solve or
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mitigate the encountered challenges and issues. The respondent BAs, technical leads,
and QAs all answered this question from their own perspective. Their answers reveal

the potential opportunities for improving requirements decision making.

Firstly, the respondent BAs provided a list of approaches that they currently carry out

and they include:

RO 1. Engage enterprise / solution architect early. This is effective to identify
ramifications of changes as complete as possible. Yet these resources are very
difficult to get as they are scarce and busy.

[BA 6]: Involvement of Solution Architect and/or Enterprise Architect is very
useful to point out potential issues as a result of changes in one system that
could affect another system.

RO 2. Review PIF with all relevant BUs

[BA 1]: I review the PIF with different areas of the business so all are aware
and agree — but | really think this should be done prior to the BRS getting
assigned.

RO 3. Sub-group meetings, but not always work.

RO 4. Sign-off by sections or features, but not always work.

RO 5. Have all key stakeholders on the one call to get an agreement, but difficult to
do.

In addition to the above listed existing approaches, respondent BAs also proposed
approaches that they think could mitigate the difficulties they mentioned, and they

include:

RO 6. Define the end-to-end use case early to identify users/BUs affected by the new
requirements.

RO 7. Engage enterprise / solution architect early for review.

RO 8. Ensure that the BRS is aligned with the SAP blueprint.

RO 9. Co-develop the BRS and the SRS.

RO 10. Keep things simple and flexible to balance the level of details in the
BRS

[BA 7]: Keep things simple /flexible, i.e. finding a balance between writing
specific requirements without including so much detail as to hamstring
development.

Secondly, the respondent technical leads expressed their opinions on what they need for
the BRS such as fairly high-level business ask without too much system details and
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compact use cases. More importantly, they expressed ideas regarding where to improve
in the BRS, in addition to how to enhance the quality of requirements decisions. These

ideas include:

RO 11. Establish an architectural control function

RO 12. Prioritize each requirement with ratings from business
RO 13. Provide technical perspective in the BRS through:

RO 13.1. Notify the key people on the impacted app team about the relevant

business changes
RO 13.2. Involve the main app team and/or technical leads in the BRS discussion
RO 13.3. Involve technical leads / architects if system details needed
RO 13.4. Evaluate BRS against existing capabilities

Lastly, although just two QAs responded to the questionnaire, their input is still worth
considering. Based on their replies, they were more concerned with the system
requirements (requirements in SRS). More notably, they pointed out that the BRS
should not focus on whether the project impacts one or more applications, as this is the
focus of the SRS. Moreover, they emphasized that at least one SRS requirement per
impacted application should be associated with every BRS requirement. Otherwise, it
will lead to a gap in the functionality ultimately.

[QA 2]: My take on this is that the BRS generally makes the ask from the

Business perspective and is OK at that point. [...] It begins to break down at the

SRS level as | believe it is at this level, that the system wide impact of the ask in

the BRS are felt. [...] The number of applications and systems impacted by the
business ask should be covered in the SRS.

Yet, as the overall development process is inclined to combine both business
requirements and system requirements into the BRS, the level of details in the BRS
may be perceived as problematic for some groups of requirements receivers. That is
because different groups require different levels of details of requirements. Furthermore,
if a project is small and self-contained as not impacting multiple applications, the
ramifications of changes are simple and the mapping between the business ask and the
system impacted is straightforward. However, in enterprise systems development most

projects are not like that.
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They further revealed a critical issue facing the development team: the inadequate
upfront design, guidance and governance from the architects to development teams so

as to ensure the successful delivery of what the business asks for:

[QA 1]: The main issues are with the development effort NOT delivering what
the BRS asked for — due to (i) lack of process/systems knowledge by the solution
designer or (ii) disjointed activity by different development groups who are
involved in the delivery of the overall requirement. The design phase seems to
have been dropped in a lot of projects recently — different development groups
run with the BRS separately and each design their own piece without an overall
design being agreed.

The lack of an overall design and guidance for development results in disjoined
activities by different Development teams. This is not a challenge observed solely by

this QA. The author also received similar feedback from two technical leads.

7.4 Discussion

The preceding three sections have presented the findings on requirements challenges,
issues, and opportunities respectively. This section aims at concluding with key,
underlying challenges for improving requirements decision making in the studied
environment. To do so, not only the data and findings described in this chapter will be

compared and further analyzed, but also those in the previous chapters.

Regarding the studied enterprise systems development context, one characteristic
stands out; and that is, requirements are closely intertwined with the existing
implementation context. This can be seen from the three case-story IT projects in
Chapter 5. Specifically, these projects, no matter new or enhancement, all impact
multiple existing applications. As seen from the case stories, many stakeholders
contributed to requirements decision making through providing information on the
existing business/IT capabilities and constraints. Therefore, information search, as also
emphasized by Maiden (2013), plays a key component for requirements decision

making in this context.

For this reason, engaging knowledgeable resources is crucial. Yet, as pointed out in
Section 7.1 (RC 1.) the thin and uneven spread of business / application knowledge is a
frequently encountered challenge facing BAs. Knowledgeable resources such as

enterprise architects are scarce. Compounded with the intertwining of requirements
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with the complex implementation context, it becomes difficult to identify ramifications
of changes when introducing new requirements (RC 2.).

With the presence of these challenges, it is no surprise to see the technical leads
reporting the following requirements issues: (RS 2.) not all impacted applications are
included in BRS; (RS 3.) incompleteness of requirements; (RS 4.) requirements
conflicting with existing architectural capabilities.

Among all the requirements challenges and issues mentioned above, the underlying,
key challenge with direct relevance to requirements can be traced to the difficulty to
identify ramifications of changes. In other words, this challenge is equivalent to the
lack of knowledge on the impact of introducing a new requirement.

Regarding this challenge, participants replied with (proposed) solutions. The most
frequently proposed solutions are to engage the development-side stakeholders (see RO
1, RO 7, and RO 13). Yet, as in the studied environment they are discouraged to
participate in the requirements process, (RC 6.) difficulty to engage development-side
stakeholders appears to be another challenge. With the inadequate engagement of them,
the following requirements issues emerge: (RS 1.) lack of technical perspectives; (RS
4.) requirements conflicting with existing architectural capabilities; and (RS 5.)

confusion between a requirements and a fact.

However, when some development-side stakeholders especially application team
representatives are engaged, there may appear some other requirements issues: (RS 7.)

unclear business ask and (RS 6.) premature solutions in the BRS.

So overall, there exists a dilemma to engage the development-side stakeholders. On the
one hand, requirements decision making demands their engagement. The reason is to
help identify ramifications of changes, in addition to validate requirements from the
technical perspective. On the other hand, the requirements process needs to control the
contribution of their engagement in order to balance the level of details in the resultant
requirements specification. The reason is that requirements need to be specified and
presented to stakeholders at the appropriate level of details, so as not to obscure the

business ask and hamstring the downstream development.

Based on all above discussions, therefore, it is reasonable to conclude that the key,
underlying challenges directly related to requirements decision making in the studied
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environment are: the difficult to identify ramifications of changes, and the difficult

to control and balance the level of details in the requirements specification.

All the empirical evidence from the case stories and the survey has shown the
complexity in requirements decision making. To manage requirements complexity,

ASRs is a good means, similarly as the architecture for managing software complexity.
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Part Three: Identifying Architecturally Significant

Requirements

In the contemporary RE environment, Architecturally Significant Requirements (ASRS)
IS a sweet spot to improve the requirements and architecture decision making process,
especially in the enterprise environment. Research on ASRs is gaining more popularity
but meanwhile it is imperative to provide knowledge and means to comprehensively
define and identify ASRs. Part Three of the thesis describes the two-phase grounded
theory study on identifying ASRs. Chapter 8 and Chapter 9 present the analysis of the
two phases of study. Chapter 10 consolidates the analysis and presents the ASR

Framework and the emerging theory on ASRs
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Chapter 8  An Analysis of Architectural Review
Board Files

This chapter presents an analysis of the phase-one grounded theory study on how to
identify ASRs. The study consists of an observation on seven Architectural Review
Board (ARB) meetings, in addition to an analysis of 22 ARB presentation files.
Therefore, the material presented in this chapter represents an analysis of these data. To
present the analysis, the study context is firstly introduced. Then, a list of observations
about the ARB meetings is outlined. Following that, the analysis on the ARB
presentation files is described, emphasizing the findings on Architecturally Interesting
Concerns (AICs).

8.1 The Study Context

This study took place in the same industrial context as studies described in Part Two of
the thesis, through investigating the ARB meetings and presentation files. The goal is to
gain insights on how to identify ASRs, especially on finding out the key information
that matters to architectural design and reviews. The ARB has been briefly introduced

in Section 3.5.3 and this section will elaborate on this study context.

After the sign-off of the BRS, most projects have to get architectural approval from the
ARB. The ARB meeting reviews and evaluates the architectural design. The
presentation given in the ARB meeting is a high-level summary of an IT project
covering both requirements and architecture concerns and solutions. The template for
the presentation files mainly contains the following elements: project profile; business
opportunity; high-level requirements, or scope in some cases; current high-level
process; future high-level process; current architecture; future architecture; design
directions; integration points; and high-level estimate summary. Depending on the
project situation, some projects include information on risks and constraints,
infrastructure impacts, security concerns, master data and data migration, and SOX?

questionnaire. The project profile typically includes information on funding source,

¥ SOX stands for the Sarbanes-Oxley Act. SOX questionnaire is to ensure compliance with the regulation.
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project size, applications impacted and key stakeholders such as IT/business sponsor,
business analyst, and solution architect / technical lead.

8.2 Observations on ARB Meetings

The following list of observations is derived based on participating in seven ARB

meetings.

Observation 8.2.1. There is abundant contextual information presented during
architecture reviews. The contextual information primarily includes the existing
business and system process, and the changes the project is going to make. It is to
support the understanding of the architectural design. The information is mainly
communicated by presenting the project situation, business goals, current and
proposed business / IT environment, and high-level requirements and scope.

Observation 8.2.2.  There is no explicit reference to the concept of ASRs and the like.

Observation 8.2.3. Requirements presented in the ARB reviews are mostly
functionality-focused, and process-oriented. Quality requirements are seldom
explicitly presented and discussed, except for security.

Observation 8.2.4. The architectural design is often represented through
architectural diagrams. Architectural design decisions are seldom explicitly written
in the files.

Observation 8.2.5. Most architectural designs exhibit a strong focus on the process
flow and integration, which explicitly addresses the satisfaction of the to-be
functionality.

Observation 8.2.6.  The architectural design reviewed by the ARB is at a high level.
Specifically, it focuses more on the solution architecture design in terms of how the
impacted applications should interact with each other.

Observation 8.2.7.  Most architectural designs have a strong focus on process flows.
In the architectural diagrams, the impacted applications serve as components with
new or changed interfaces as lines linking to other applications, indicating
interactions. In some cases, there is a diagram of the so-called function architecture
where lines are tagged with sequential numbers indicating the stepwise process
flow.

Observation 8.2.8.  The software architectural design of an individual application is
often neglected. This occurs in particular for the enhancement type of projects that
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focus on business process improvement where no new application is created or no

major change is made to one single application.

The observations provide further context information to the study. More importantly,
they indicate that the ARB presentation files are significant source of information to
study ASRs.

8.3 Finding Architecturally Interesting Concerns in ARB

presentation files

ASRs are regarded as a part of architectural description and serve as a key input for
architecture reviews (Obbink et al., 2002). Thus, it can be argued that some information
in the ARB presentation files is in fact ASRs, in spite of not being explicitly stated as
such. Therefore, the researcher sourced and randomly identified a total of 40 ARB
presentation files (in Microsoft PowerPoint) from 40 different projects in the studied
company. Among them, 22 files were carefully selected as discussed in Section 3.5.3 as
input for the grounded theory analysis. The selected files were firstly converted into
PDF files and then ported to ATLAS.ti software, version 7. The analysis of the files
aims to identify the information that may be ASRs or point to the presence of ASRs.
However, it is worth noting that without architects’ confirmation the identified

information is just potential ASRs.

8.3.1 The Analysis

The analysis began with initial coding. For instance, Figure 8-1 illustrates this coding
process in ATLAS.ti. In part (a) of Figure 8-1, the text highlighted (in blue) “we seek to
move from an on-premise solution to a cloud-based, SaaS, solution”, addressed a
strategic decision to improve the “Current business/IT environment”, where Ariba, a
third-party system, is antiquated and not supported by its provider. This text (in blue)
was then coded as “IT/business strategies”. Of this strategy, Coupa was chosen as the
new third-party solution to replace Ariba, as shown in Figure 8-1 (b).
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As we seek to improve indirect procurement tracking activities, and improve our
reporting functionality, a newer version/solution is required that includes invoicing
activity. To avoid any potential conflicts of antiguation and/or the chosen software
becoming non-supported, we seek to move from an on-premise solution to a cloud-
based, SaaS, solution. This will allow Avaya to upgrade and improve our capabilities,
and avoid any potential conflicts due to newer versions of the software being

rele
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Figure 8-1 Fragment of coding ARB presentation files in ATLAS.ti

In part (b) of Figure 8-1, the “Interface Summary” and the following items were tagged

with the code “Interfacing”, because they outlined interfacing requirements between

Coupa system and many other systems such as SAP-I, despite the lack of details about

the exact functionality implied there. The “Ariba Decommissioning” highlighted (in

blue) was coded as “Decommission App.” as suggested by the in-vivo term

“Decommissioning”. This incident signals that the Ariba system is going to be

decommissioned, which was also coded as “ADDs” and “IT/business strategies”. This

is because decommissioning Ariba is a strategic decision made upfront by the Triage

Council in the project proposal stage, and this decision is architectural, for it would

significantly impact the resulting systems architecture. One influence, for example, is

the introduction of the Coupa system.
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Apart from coding the text in the ARB presentation files, also coded were diagrams
such as architectural design. Figure 8-2 illustrates such an example. In the figure, the
architectural diagram was tagged with an in-vivo code “New/changed interfaces” as
inspired by the label of the red arrow from the legend enlarged on the right. Another
code “Architectural change” was also assigned as a more abstract, wide-ranging
category to the former in-vivo code.

Architecture Detall 2% 1 Architectural change

% I New/changed interfaces:
GpeR [ priThers —— Infarmatica ooty 1]
= R e ) (oDs) I SFDC/APTTUS
8 | o \ !

GCR/OWC

jogi

EC Wrapper SAR|

Customer = ) Fusion e
Agreement Partal Middle Ware 5

{Order Center) (W)

A

HTTPS

1
A15 Landing Page/
Dashboard
Key:

; —Existing Inte rface——
User ——New/Changed Interface—-

Figure 8-2 Coding architectural design diagram in ATLAS.ti

The initial coding proceeded with fragments of the ARB presentation files being tagged
with new or existing codes. Along the way, some existing codes were refined into a
more appropriate code name after similar fragments were analysed and better ideas
emerged. For instance, the code “ADDs” appeared in part (b) of Figure 8-1 was refined
into “Premature ADDs” to distinguish ADDs made before architecting from those
made during architecting. Furthermore, memos were taken in ATLAS.ti when ideas or
questions were developed from the coding analysis. These memos then served as a
source of information that helped develop and form theories after coding was
completed. For instance, Figure 8-3 illustrates a memo concerning architecture and its
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relationship to process. The memo was created after noticing that many architectural
designs in the ARB presentation files were very high level and process-focused,

reflecting Observation 8.2.4 and Observation 8.2.5 described in the last section.

Title: Architecture vs process Type: m -

high level solution architecture is represented by a process flow. this is very common in the ARB
slides.

one reasons could be that the requirements are heavily process oriented. there is rarely any gquality
requirements. most requirements are functional and focus on integration or enhancement to existing
systems to improve business process.

very often, to fulfill one business goal, it has to be done through the coordination of multiple
applications. therefore, one high level requirement will be decomposed into multiple lower-level
detailed requirements distributed among multiple applications, which altogether realize one feature /
business goal.

in this sense, architecting is about to guide the process flow among different impacted applications.
sometimes, it is even about choosing which path, namely which application, to realize the goal.

Figure 8-3 Memos regarding architecture and its relationship to process, recorded in ATLAS.ti

After the initial coding ended, codes addressing similar concerns were grouped together
for further analysis by creating a family, a feature in ATLAS.ti. For codes in the same
family, relationships among these codes were constructed by comparing each other and
even re-examining the quotations again. ATLAS.ti has seven pre-defined types of
relationships among codes, and it supports viewing and editing the relationships of a
certain code in its Network View window. Figure 8-4 demonstrates a “is-a” relationship
between “Context factors” and six other concepts as recorded in ATLAS.ti. It
highlights, for instance, “Project situation” is a type of “Context factors”. The numbers,
for instance “{79-6}" followed by “Context factors” in the figure indicate that this code
has 79 occurrences with different reference quotations, and it has built relationships
with six other codes. The former is called the grounded number; the latter refers to the

density of the code.
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[ﬁf’ Context factors {79-6} J

[ﬁc.:mtraim: {11-5}]

@& IT/business strategies {E-Z}J

[ﬁ To-be business/IT environment {11-2} ] tﬁ Alla s {294}]

[ﬁ& Project situation {14-3}]

[ﬁ Current business/IT enwvironment {13-1} ]

Figure 8-4 A network view of “Context factors” in ATLAS.ti

After codes were refined and grouped by building relationships among each other, all
the codes were then ordered according to their grounded number. Figure 8-5 shows a
fragment of the top highly-grounded codes. A complete list of the codes can be found

in Appendix B.2.

Mame Grounded Density  Families

¥ Context factors M 6 Architecturally Interesting Concerns
2% Interfacing 43 3 Architecturally Interesting Concerns
2% Main function description 36 0

¥ Business goals 29 4 Context factors

¥ Scope 27 3 Architecturally Interesting Concerns
£$ 3 Significant functicnality / quality 16 6 Architecturally Interesting Concerns
¥ Data COVErage 16 1 Scope

¥ Architectural change 14 2

%% Interfacing for data transmission 14 1 Interfacing

2% Impacted systems 14 1 Context factors

¥ Project situation 14 3 Context factors

‘ﬁ’ Current business/TT environment 13 1 Context factors

2% Premature ADDs 13 4 ADDs, Architecturally Interesting Concerns
‘ﬁ’ Constraints 11 6 Context factors

ﬁ’To-be business/TT environment 11 2 Context factars

¥ Mew/changed interfaces 10 1 Architectural Change

%% Business goal: improve quality 9 1 Contextfactors

¥ Compliance 9 6 Architecturally Interesting Concerns
£¥ Function coverage 9 1 Scope

Figure 8-5 Fragment of codes ordered by grounded number in ATLAS.ti
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Among these codes, some have a “is-a” relationship. For instance, the codes “Business
goals”, “Project situation” and “IT/business strategies” are also “Context factors” as
demonstrated in Figure 8-4. The two codes “New/changed interfaces” and
“Architectural change” do not indicate potential ASRs. Another code “Main function
description” is assigned to some detailed functional requirements in the ARB
presentation files, which the researcher considered not to be architecturally significant
or was unable to decide. After eliminating such codes, six categories of highly-

grounded codes related to potential ASRs remain, and they are:

Context factors

Interfacing

Scope

Premature ADDs, renamed to “Early ADDs” hereafter
Significant functionality and/or quality

2 e o

Compliance

To note, the category “Premature ADDs” will be renamed to “Early ADDs” hereafter
because the former name has a negative indication which does not accord with the
researcher’s view. The six distinguished categories reflect potential ASRs concerns.
Therefore, the concept Architecturally Interesting Concerns (AICs) was developed
to refer to them, as marked in the “Families” column in the right side of Figure 8-5. An
AIC summarizes a group of potential ASRs exhibiting similar characteristics. Notably,
by the concept of an AIC, one should know that an AIC may concern requirements, but
it may also concern other factors besides requirements, for example, context factors. In

what follows, the six types of AICs will be articulated in detail.

8.3.2 Architecturally Interesting Concerns

Context Factors

Some information is contextual and as Observation 8.2.1 indicated, contextual
information constitutes a significant part in the ARB presentation files. Not surprisingly,
context factors are found to be the most grounded type of AICs. As Figure 8-4 depicts,
there are six concrete types of context factors identified in analysing the ARB
presentation files. They include: IT/business strategies, constraints, business goals,

current IT/business environment, to-be IT/business environment, and project situation.
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To give a few examples of concrete context factors, for instance, IT/business strategies
are identified including those to reuse existing interfaces where possible, to adopt
certain solutions or applications, or to decommission an application. Figure 8-1 in the
last section already shows two strategies: one is to move to a cloud-based, SaaS,
solution, and the other to decommission Ariba. Constraints are identified from existing
processes, existing systems, standards, data, and resource availability. For example, for
Coupa system to interact with SAP, “All Transaction Data interfaces will follow
Standard IDoc format”. This requirement was specified in the ARB presentation files as
a result of the constraints imposed by SAP which required IDoc formatted data. Project
situation is one type of context factor that stands out in the studied environment. As
identified in the analysis, it may concern project dependencies, e.g. one project is a
phase-two project for a previous project. It may also concern the affected systems, e.g.
how many systems are affected by the project, whether large and core systems like SAP
are affected.

One should know that, except for project situation, the other types of context factors
have already been acknowledged in the literature to have influence on architectural
design (Tang et al., 2006; van Heesch et al., 2012). Project situation is one context
factor that seems to have been taken for granted by architects, yet it also counts as an

important part of contextual information that could be architectural.
Interfacing

Interfacing is identified as the second most-frequently occurring type of AIC in the
analysis. In the ARB presentation files, it is found that no IT projects were green field,;
rather, the majority aimed to enhance and/or integrate with multiple existing
applications. Interfacing between applications is evident. Moreover, as seen from
Observation 8.2.6 and Observation 8.2.7, the architecture reviewed by ARB is high-
level and focuses heavily on processes. It adds up the prevalence of interfacing-related
requirements occurring in the files. The analysis found three concrete interfacing
concerns encompassing: interfacing for service request; interfacing for data

transmission; and integration.

Quotes below are interfacing requirements examples from the ARB presentation files,
where eProject, GQMS, SAP, Siebel, PSN, and A1S are all systems within the studied

company.
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“Automated request for Authorization to eProject from GQMS after Order
Placement”.

“Assets/agreements (a type of data) will need to flow from SAP to Siebel”.

“PSN to A1S Integration that delivers: Fully integrated and synchronized APS
quoting in PSN with A1S quoting (NB: For ‘Configured” PSN quotes only)”.

Scope

Scope is another type of AIC frequently addressed in the ARB presentation files. The
scope-related requirements define specific boundaries for (sub-) systems, data or
deployment. On occasion, it is difficult for the researcher to judge whether some of
these requirements would be architecturally significant or not. But, since they are
frequently mentioned in the ARB presentation files, it is reasonable to consider them as
one architecturally interesting concern. These requirements are found to be general and
concern the scope of deployment region (e.g. US vs. Global), function coverage, and

data coverage. Relevant examples are:

“PTR 1752 is designated as ‘Phase 1’ of the overall program, focusing on the
US market only and legacy pricing model (non-APM)”.

“Phase 1 scope will be rolled out to Business Partners only. The Dashboard

will not be rolled out to Distributors in Phase 1.
Early ADDs

Some requirements in the files were found to be or contain Early ADDs, which are
Architectural Design Decisions made before architecting. They were mainly found in
the slide titled “High Level Requirements”. Overall, early ADDs were identified
concerning technology choices, data model, allocation of responsibility, and non-

existence ADDs.

To provide more details, some requirements were found to decide the technology
choice for development such as web-services, for example, “All the information from

the different sources would be consumed in Partner portal through webservices”.

Some requirements, such as “Direct Customer on boarding - A1S company setup will
be based on top level SAP customer hierarchy”, defined the data model (e.g. using

existing SAP customer hierarchy) for the to-be system(s).
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Some requirements, such as “A1S database (GPPR) will manage customer hierarchy
exceptions due to separate hierarchies from SAP B and I systems”, assigned a piece of

functionality or responsibility to a certain component.

Some requirements, such as “No Data Model changes are expected in Sales and Partner
Portal for Partner Dashboard, since all the information will be dynamically pulled from
SFDC”, specified that some change or element will not appear in the architectural
design (Kruchten, 2004).

Significant Functionality and/or Quality

Significant functionality and/or quality such as licensing and localization have been
recognized in the literature to have architectural impact (Eeles, 2005; Anish et al.,
2015). It is no surprise to find out several well-recognized, significant functionalities in
the files, including reporting, search, maintainability, localization, performance, and

security.
Compliance

Compliance requirements were not frequently encountered in the ARB presentation
files. However, they are an important concern. It can be seen from that most projects
had a slide titled “SOX Questionnaire”, checking whether the projects had impact on
any in-SOX-scope applications. As discovered, a compliance requirement may ask for
complying with Corporate Security standard, complying with Global Trade compliance,
complying with the standard APM discount model (a specific pricing model devised in
the company), complying with SOX controls, complying with Tax and Regulatory
compliance in China, and complying with PCI-DSS compliance (for payment card
transactions). These compliance requirements may impose specific processes or

changes to be carried out.

8.4 Discussion

The previous section has presented the analysis of the 22 selected ARB presentation
files, outlining the six identified categories of AICs. This section will offer more
general findings and discussion on the analysis and observations in the studied

company.
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The identified potential ASRs tend to be implicitly laid out in the files, mixed along
with other requirements (tagged with the code “Main function description”).
Meanwhile, the notion of ASRs is not receiving recognition among these practitioners.
However, several enterprise and solution architects are very interested in the concept

when the researcher presented her work to them.

Another finding from the analysis is that there is little quality attributes requirements
presented in the ARB reviews, except for security. Very often, security concerns are
usually specified for testing purposes and in a very general manner, e.g. “all interfaces
will be subject to standard IT Security requirements and will be reviewed for approval
with Corporate Security”, or ‘“checking with Security team about Hailstorm
requirement”. One reason for this, as explained by one senior business analyst in the
company, is because most quality requirements are already established, or say there is a
default standard for them in this enterprise development environment. Also, handling
quality requirements is not critical in the Front Door phase, whereas it often defers to
later development stage. Even so, the lack of quality requirements in the ARB
presentation files does not invalidate this study, because the goal is to examine ASRS

while ASRs consist of not only quality requirements but also functional ones.

Although a good variety of potential ASRs and AICs is detected from analysing the
ARB presentation files, they are not validated from the architects’ perspective yet. In
addition, most potential ASRs discovered from the ARB presentation files are more
concerned with interfacing between applications at the solution architecture level. Yet,

requirements confined within one application boundary are seldom examined.

Furthermore, the identified ASRs and AICs are just potentially architecturally
significant. Why a requirement is architecturally significant still remains unanswered.
For instance, the requirement - “SAP PO # Sequence for Coupa must not overlap with
existing SAP POs; use different PO# range than Ariba. Create new document type for
Coupa POs”, seems to have no architectural implication since it is concerned with the
format of data, i.e. Purchase Order (PO) number and corresponding document.
However, it is stated as one of the high level requirements in the ARB slide. Has it
been misplaced or does it in fact have any architectural impact? To answer that, more

investigation is needed.
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Chapter 9  How Do Architects Recognize ASRs

The proceeding chapter describes the analysis of the phase-one grounded theory study
on how to identify ASRs. The analysis results in a list of Architecturally Interesting
Concerns (AICs). Yet, the study is limited by the lack of architects’ input, since what is
architectural depends on the views of architects (Clements et al., 2002; Fowler, 2003).
Therefore, a phase-two grounded theory study was conducted to gain more in-depth
data and insights from architects, which are presented here. Five dimensions, derived
from the analysis, are described to illustrate how architects recognize ASRs
encompassing: architectural effects, locus of influence, AICs, ASR indicators, and
context. This chapter presents the study context and analysis, portraying an overview of
how the five dimensions are discovered. Details on the five dimensions are then

described, highlighting how they are related to ASRs.
9.1 The Study Context

To remind readers, this study as described in Section 3.5.4 is comprised of five
exercise-based, semi-structured interviews with five experienced architects respectively.
The five architects include three participants Al, A2, and A3 from the IT department
and two A4 and A5 from the R&D department in the studied company. Participants
were presented with a questionnaire composed of 16 requirements. Meanwhile, a
simple definition of ASRs was also printed on the questionnaire. They were asked to
judge whether each of the requirements was architecturally significant and to give
explanations for their answers. Since grounded theory was used to guide the study, after
four interviews the author revised the questionnaire because for some requirements, no
new answers and explanations were given by the participants. With the revised
questionnaire, an interview was conducted with participants A5. This is consistent with

good practices of grounded theory.

Therefore, there are two sets of questionnaire. The first one, called Questionnaire A,
was used by participant Al to A4; and the other one, Questionnaire B, by participant
Ab5. Both can be found in Appendix A.
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9.2 The Analysis

Atlas.ti 7.0 was used to analyse the interview transcripts. Three steps of coding were
undertaken, namely initial coding, focused coding and theoretical coding (Charmaz,
2014). Meanwhile, memos were taken along the way of coding. During the initial
coding, fragments of the interview transcripts such as words and sentences were
examined. Significant fragments were tagged with codes which were drawn from either
the participants’ telling terms appeared in the transcripts or novel concepts the
researcher interpreted based on the context. For instance, Figure 9-1 illustrates both
kinds of code assignment: “Communication channels” is a code adopted from the
participant’ response, while the “Variability” and “AlCs” are novel concepts derived

from the researcher’s interpretation and from the phase-one study respectively.

SK: this a indred percent is architecturally significant.”
So this is really saying that ... We will need more detail. But it's £F ) AICs: Variability
absohutely architecturally significant. psEisd =y T 1
as a desktop I need to be able to support voice which would come
from one chammel; T need to be able to support multimedia which
ould come from another different channel or it's saying you
need to support voice and multimedia all coming over from the
same channel which is telling you what type of communication you
need to use, like WebRTC or something lke that |

ﬁ | Communication channels:

Figure 9-1 Coding using the participant's telling terms and novel concepts

After the initial coding, all the codes were then examined and the most useful codes
were selected and refined by going through the data again. Following that, codes were
grouped into categories according to the theme they addressed. For instance, the codes
“localization” and “monitoring” were both functionality and thus grouped into the
category “significant functionality”. As some functionality is tightly intertwined with
certain quality concerns, e.g. localization and extensibility, degrade services and
performance, the category “significant functionality” is then refined into “significant
functionality and/or quality”.

When codes were grouped, there were different categories of codes appeared in one
explanation for one requirement decision. For instance, Figure 9-2 illustrates this

situation. The appearance of “web-service” in the requirement statement indicates the
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technology choice. For participant Al, this choice implied the need for a component
and the context is a web-service which might lead to employing a different security

model.

3.The web-service should perform all the processing in a single call, sending the
complete call definition and receiving a single response.
YES -

-
- B - It f infl : High level it 1 AICs: technology choices~
A1: the web-service itself is a component, right. K ¢ Locus of influence: High level components 3  teehnology chaces

L ]
- 2% 1 Architectural effect: Creat t
When somebody says [ need a web-service, you would need a component here. renitectural effect Lreate or remove @ componem

The fact says you have a web-service. Maybe your application is all of web-services. This £k Content
| »| would be architecturally important. Because it's actually telling you that it is a web-
a5
10| b 3 . I
8 | service, not a desktop, or it's not a webpage. The rest of the sentence isn't. just the two £% 1 ASRs indicator: Appearance of technology choices
— words are. That are architecturally significant.
. I would say yes for that because of the word web-services. Because it tells me now I am g ::?;s“.sszf{ln‘fg'em' Open discussion for architecture evaluation/other AICs

[%d

not using browsers, [ am not joining the desktop, my security model is different, all that
kind of stuff.

Figure 9-2 Example of different categories of codes in one requirement explanation

Among the codes, five main categories emerged, namely architectural effects, locus of
influence, AICs, ASR indicators, and context. It is worth noting that the context here
differs from the context factors in the previous chapter in the sense that the context
factors is one type of AIC, while the context here is one dimension on how architects

recognize ASRs.

By looking at the sequence of the explanations and iterating through the codes and
categories, relationships between the five categories were developed, which contributed
to the formation of the ASR Framework described in Section 10.1. The five categories

form the five dimensions in the framework.

To summarize, when participants read and judged different requirements in the
questionnaire, several situations appeared. Sometimes, participants sought for more
context information to understand the requirements, and dependent on the context, the
architectural significance of some requirements vary — maybe significant in one context
and not in another. This situation is detailed in the dimension Context in Section 9.7.
Sometimes, participants did not ask for any context information at all; instead, they
judged the architectural significance of some requirements immediately after reading
them. This situation is explained by the dimension Architecturally Interesting
Concerns (AICs) in Section 9.5. On occasion, participants gave explanations for their

judgement by pointing out the key words or phrase in the requirement statement, in
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addition to characteristics of the requirement based on participants’ interpretation. This
situation is articulated in the dimension ASR indicators in Section 9.6.

The above mentioned three dimensions characterize ASRs from the perspective of
requirements themselves before anything else. They tend to be the initial focus of the
participants’ explanations at the beginning of the interviews. To be specific,
participants’ answers usually started with a specific (yes, no or unsure) answer for the
requirements’ architectural significance, along with their understanding and
interpretations of the requirements. At this point, no reasoning from the architecture
perspective was given explaining that why the requirement was architecturally
significant or not. In other words, architects did not explain their judgement directly
and explicitly from the architecture perspective. This may be partly due to the
participants’ unfamiliarity with the concept of ASRs at the beginning of the interviews,
and partly due to their intuition when judging the architectural significance of a
requirement. Here, the intuition of architects is considered as expressions of their
architecting experience and knowledge (Falessi et al., 2011). Then, a key objective of
the interview is to expose that intuitive thinking within architects’ brain. Therefore,
with the interview going on, the author frequently explored and stimulated participants’
thinking by asking questions mostly regarding the exact technical or non-technical

architectural influence.

For instance, when participant A4 explained that the 1% requirement was an ASR
because it would drive significant changes within the product, the author wanted him to
further explain the “changes” in-depth from the architecture perspective. Hence the
author asked “OK, that kind of change may be on some components, establishment of
some components?” A few more examples of questions posed by the author during the

interviews are listed below:

“What are the changes in the architecture to enable this kind of capability?”

“Whether you would have different database schema, for example, add a flag in
the table to indicate the roles because of this requirement?”’

“If it's one call compared to multiple calls, would that be a different
(architectural) structure dynamically?”

“So would it be big enough for you to introduce a new component to deal with
this login feature?”
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To answer these questions, the participants then provided further rationales for their
answers from the architecture perspective. Gradually, they grew to point out the
architectural influence of a requirement more frequently and explicitly. Based on these
explanations, two concepts Architectural Effect and Locus of Influence as the last
two dimensions of the ASR Framework are derived. They are detailed in Section 9.3
and Section 9.3 respectively.

9.3 Architectural Effects

As said earlier in the last section, participants were encouraged to explain from the
architecture perspective, especially the architectural impact of a requirement. Resulting
from that, some participants then expressed their understanding of architecture and
architectural impact in their explanations. For instance, participant A5 emphasized that,
““an architecture generally is how many different components do | have in the solution, how do
they talk to each other, and how do they need to behave themselves”. On top of this, he made
the following explanation to justify his answer that the 5™ requirement is not

architecturally insignificant.

[A5] “So this [requirement] wouldn't require you to have, you know whether the
requirement is there or not, any different number [of components]. It wouldn't
introduce a new component. It wouldn't remove a component. It wouldn't
change the interfaces between components. It wouldn't change the
communication between components. It would only change the actual detail
design within one particular component which is instead of retrying once, retry

six times then would do something.”

The quoted explanation enumerates a series of impacts that a requirement might impose.
Some impacts are architectural such as ‘remove a component’, and some not such as

‘change the actual detail design within one particular component’.
Likewise, participant Al also shared similar understanding in his explanation.

[Al] “When somebody says architecture, it means, do you have to change here. And

does it require a new component, a new solution, a new dll?”

These explanations and the like, either directly or indirectly, reveal the possible

architectural effects of ASRs. Gradually, pointing out the architectural effects became
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the ultimate, persuasive aspect of justification that participants gave in their explanation
to validate their answers. The quote below gives a concrete example of how participant
Al inferred about the architectural effect of the 3™ requirement in Questionnaire A.
The technology choice, web-service, may by itself impose the architectural effect -

create a kind of web-service component.

[Al] “The web-service itself is a component, right. When somebody says | need a

web-service, you would need a component here.”

Architectural effect is a determining factor that pinpoints the architectural significance
of a requirement. Overall, from this study, the following architectural effects were
identified:

1) Create or remove a component;

2) Reschedule system flows;

3) Resize a component;

4) Establish or change connections between components / systems.

An example of architectural effect is resizing a component and rescheduling system
flows as a result of performance considerations. For example, to realize the scalability,
performance is a dependent concern that needs close attention. To maintain
performance and in the meanwhile to accommodate large scale of users, finding the
fastest interfacing path and resizing the components are considered. The following

explanation from participant Al implies these architectural effects.

[Al] “Cause somebody says I’ve only 100 users. Then I might make somebody a
component. But if somebody says you have to go to 10,000, then you start
breaking stuff out, thinking what's my fastest line through here. ... [For
example] 1 might make five small screens rather than one big screen, because

one big screen is much slower.”

The four identified architectural effects are not elaborated in detail here, because
examples of them are presented in the descriptions of the other four dimensions in the

coming sections.
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9.4 Locus of Influence

The previous section has introduced the dimension architectural effects which
participants pointed out to justify their answers for viewing a requirement as an ASR.
Yet, in the interviews, participants did not always articulate the architectural effects of
every requirement. This is particularly the case for non-ASRs, namely requirements
that are viewed not architecturally significant. Non-ASRs have no architectural effects.
Additionally, even for some ASRSs, their architectural effects were not always disclosed
by participants. By coding explanations participants gave for these situations, it gives
rise to another key concept — locus of influence.

Locus of influence indicates where in general the impact of a requirement will be
located, from the solution point of view. As discovered in the study, some loci of
influence are not architecturally significant. They were found in the justifications
participants gave for non-ASRs. Such loci of influence identified include: database
entries, content of user interface / screens, and logic for an interaction within a

component.

To be more specific, for instance, participant A5 viewed the 13" requirement in
Questionnaire B as a non-ASR and explained by pointing out the locus of influence
lying in database entries. Impacting database entries are not architecturally significant
for him. This also stands true for other participants such as participant Al and A2.

Quotes below are good examples.

[A5] “It would affect the make-up of tables. Because you have to add new column
add new field. Does that mean architecturally significant requirement? Possibly

not. | mean it's just adding another entry in the table.”

[A2] “Or you are talking about the actual system data, master data. It does not matter.
Unless you are building actual functionality, you don't worry about data.”

When the impact of a requirement lies on content of user interface or screens, it may
imply a non-ASR. For instance, participant Al considered the support for “selling
restrictions for specific countries” in the 13™ requirement of Questionnaire A not

architecturally significant. To explain, he highlighted that it may result in different Ul
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screens with different content, which to him, “doesn’t seem to be any architectural

issues”.

The locus of influence of some requirements lies on the logic of an interaction within
a component. For instance, judging the 3™ requirement in the questionnaire,
participant A5 firstly expressed that, “this is a very strange requirement. [...] This
sounds like a design decision”. Even so, he viewed it not architecturally significant,
because it would only impact the detailed implementation logic for a particular

interaction.

[A5] “All this is saying is, in the implementation of the web service (calls) the client
should send one request, the server should process everything and respond in
that one request. It's implementation detail. [...] It's different in terms of how
you write the logic for that particular interaction. [...] The components are still
the same. It's just how you implement the calls on this component versus how

you would do it if you want to do it in smaller calls.”

On the other hand, some loci of influence are architectural. In many case, they were
found in parallel with the identifications of architectural effects. Meanwhile, they were
also found when participants explained why a requirement was not architecturally
significant. For instance, participant A5 justified the lack of architectural significance

of the 5™ requirement by highlighting that the requirement was:

“not saying that you need to do something different, (not implying) how many
different components and how do they talk to each other, and how do they
behave. Wouldn’t introduce or remove any components. Interfaces are still the

same, just instead of one call, there may be six calls.”

This explanation could be interpreted into a series of locus of influence, which the
participant was looking for to ensure that a requirement is an ASR. These loci of
influence having architectural implications include (the number of) components, the
interfaces between components, while the locus of influence having no architectural
implications is the logic within one component for the call — call six times instead of

one.

Overall, as discovered in this study, the loci of influence that are architecturally
significant include the following:
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1) Components and interfaces;
2) High-level components;
3) Interfacing, connecting to another system;

4) Opening discussions for architecture evaluation / other AICs.

The first three loci of influence are generic and can be inferred from the four
architectural effects described in the proceeding section. Here, they are not discussed at
length, and rather, concrete examples of them again are described in the other three

dimensions in the forthcoming sections.

However, this locus of influence — opening discussion for architecture evaluation or
other AICs — is a unique one that requires more elaboration here. It is evident
particularly in the case when participants are not sure about the answers due to a lack of
contextual information. For instance, when considering the 15" requirement,
participant A3 posed a question for information, such as “how my application is going
to understand that tagging. Whether that tagging of the partner is in another system?”
Without that information, he interpreted the first sentence of the requirement more as
concerning the applications detail design from the perspective of the technical lead. But
as the second sentence of the requirement mentioned “vendor”, he highlighted that this
requirement has the potential to affect the architecture, because it opened up
discussions at the architecture level. There are several architectural decisions to make,
as participant A3 explained, to explore another vendor, to look at the existing solution
and reuse, or to build in-house even. These considerations need to be evaluated at the
architecture level, maybe outside of the sphere of influence of the technical lead. For

the same requirement, participant A2 shared the same view.

[A2] “Whether we have the capability today to support that; whether there are issues for the
current capability, e.g. it’s been used for 10 years, quite legacy. Is there a better,
cheaper and more efficient way to do that? May consider all these parts as architectural

upfront.”

Seen from the above description, the locus of influence can be architectural or non-
architectural. It implies a broader sway than the architectural effect. More importantly,
the former emphasizes the general impression of the requirement impact especially
when lacking adequate contextual information. The latter is meant to represent the

precise architectural impact on the architectural design. Indeed, to infer the
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architectural effects demands to make Architectural Design Decisions (ADDs), and to
make ADDs usually require rich context information (Tyree, 2005). Yet, the provided
requirements in the questionnaires are stand-alone and without context. So, even with
assumptions made about the context of requirements, it is evident that participants

would justify ASRs through the lens of the locus of influence.

Varying loci of influence indicates how wide and significant the impact might be. It is a
fundamental factor that helps determine and justify the architectural significance of a
requirement. By inferring the locus of influence of a requirement on the architecture,

participants can estimate its architectural significance.
9.5 Architecturally Interesting Concerns

As said earlier, participants often asked for more context information when judging a
requirement. Yet, there are situations where they did not ask about or distinguish the
context. That is because, as participant Al, A2, and A4 all pointed out, some
requirements in the guestionnaire are general, such as those requirements concerning
multi-language support and scalability. Participants very often understood these
requirements naturally without the need to know the context. More importantly,
participants often gave answers (Yes; No; and Unsure) for their architectural

significance directly and immediately after reading them.

To be specific, for a “No” answer, i.e. not architecturally significant, the participants
often directly pointed out that the requirement was “design details”, “design issue”,
“implementation details”, “low level requirement”, “very detailed requirement”, or
“normal functionality”. For a “Yes” answer, i.e. architecturally significant, the start of
participants’ explanation often pointed out the key topic or concern, such as
localization and monitoring, that was addressed by the requirement in the first place. As
an illustration, the following quotes are examples of the very first sentences of
explanations given by participants A2 and A3.

[A2] “A kind of monitoring and strategy around that (requirement).”

[A3] “I'd say this is architecture (architecturally significant) again because ‘WSDL’
(‘WSDL” is in the requirement statement) is very straightforward.”

[A3] “It talks about localization here.”
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In the quotes above, for instance, the word “WSDL” stands for Web Service Definition
Language and it implies the technology choice. A requirement implying such
technology choice was viewed by participant A3 straightforwardly having architectural
significance, because as stated earlier in Section 9.3 it has the architectural effect of

creating a web-service component.

Based on these observations, it can be assumed that there are some well-established
concerns that are of architectural importance and are recognizable by the architects.
Therefore, the concept of Architecturally Interesting Concerns (AICs), as devised in the
phase-one study, is further applied here to refer to those key concerns such as
localization and technology choices. For reader orientation, a type of AICs is a high-
level category of AICs that summarizes a group of potential ASRs exhibiting similar

characteristics.

Based on the list of AICs discovered in the phase-one study, the researcher extended
and refined them, adding new AICs and types as detected during the analysis of the

interview data. Table 9-1 outlines the overall findings on AICs and types of AlCs.

Table 9-1. Discovered types of AICs and concrete examples

Types of AlICs Concrete AICs Examples

Variability Communication channels; Operational modes; Operation
environment

Significant functionality | Reporting; Searching; Localization; Error handling;
and/or quality Monitoring; scalability

Interfacing Data transmission; Service request; Integration; Volume and
complexity of business rules

Context factors Business goals; IT/business strategies; Constraints; Current
business/IT environment; To-be business/IT environment;
Project situation

Early ADDs Technology choices; Data model; Allocation of responsibility
Scope Deployment region; Function coverage; Data coverage
Compliance Regulations; Standards
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Before jumping into the detailed elaboration of Table 9-1, two things need to be
heeded. Firstly, it is worth noting that these findings are limited to the data and context
in this research. To be more specific, the selection of the ARB presentation files, the
choices of the requirements decisions in the questionnaire, as well as the selection of
participants in the ASR interview not only enable but also constrain the findings.
Therefore, more concrete AICs and even more types of AICs may exist, either in this
enterprise systems domain or other domains. Secondly, two types of AICs, namely
context factors and scope, will not be described in this section because they were only

discovered in the phase-one study and have already been introduced in Section 8.3.2.

e VARIABILITY

Variability implies the co-existence of several variations for an element in the
system(s). In the questionnaire, seven requirements exhibiting variability were viewed
as ASRs by some participants. As a corollary, it is reasonable to say that requirements
concerning variability are architecturally interesting. Those requirements showing
variability in the study are outlined in Table 9-2. Also outlined are the elements of

variation and corresponding variances.

Table 9-2. A summary of requirements concerning variability in the interviews.

Requirement Element of Variances Concrete AICs
No. variation
1% User role 1) Internal company Operational modes
associate
2) Customer
6" of A Networking status | 1) Online Operational environment
2) Offline
7" of B Work item 1) Voice Communication channels
2) Multimedia
g™ Application status 1) Inthe background Operational modes
2) Notinthe
background
11" Network channel 1) Wi-Fi Operational environment /
2) Cellular data Communication channels
13" of A Language, Multiple, specific to Operational environment
currency, and tax countries
14" Language 1) English Operational environment
2) French
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Based on the concerns of the elements of variation, the requirements in Table 9-2 were
classified into three concrete AICs in variability: communication channels, operational
modes, and operational environment. In what follows, these three types will be

elaborated in detail.
Communication Channels

If requirements show variability in communication channels, they are viewed by
architects as ASRs. For instance, as indicated in Table 9-2, the work item in the 7"
requirement of B has two types, namely voice and multimedia, while the source to get
calls in the 11" requirement has two channels, namely Wi-Fi network and cellular
network. The source of the data - the work item / calls, indicates potentially distinct
incoming communication channels and demands different interfaces to handle each
data situation respectively. To do this, several architectural considerations have to be
addressed, such as what are the all and best communication protocols, protocol

conversions, adapters, as well as how to handle these data differently, etc.

[A5] “We will need more detail. But it's absolutely architecturally significant. What
it's saying is the solution as a desktop | need to be able to support voice which
would come from one channel; | need to be able to support multimedia which
would come from another different channel. Or it's saying you need to support
voice and multimedia all coming over from the same channel which telling you
what type of communication you need to use, like WebRTC or something like
that.”

[A5] “The fact, that it says the solution supporting blending, means that the client can
support both voice and multimedia which is significant, because ... you need to

know how you get them. ... and they need to be handled differently.”
Operational Modes

Variability in operational modes usually gives rise to different user profiles, different
permissions and different functional capabilities. From the architectural significance
perspective, as the participant A5 explained, “[Supporting different user roles] doesn’t
have a measurable influence on the architecture. [Its direct influence] will be on the low
end, the design level.” However, it can stimulate discussions for other AICs such as

security and flexibility.
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[A2] “For example, the direct project is only for internal users. ... It wouldn’t have
the same sort of concerns and controls that you would have if you are building

this for customers, because you may have to limit what the customer can see.”
Operational Environment

Variability in operational environment, such as online and offline, wifi and cellular
network, has architectural implications. It might arouse considerations for establishing
dedicated components and interfaces for accommodating different operational
environment respectively. Moreover, how to switch between these different operational
environments gives rise to further considerations such as data handover and

communication protocol conversion.

[A4] “You need to know what all the different protocols you need to handle,
whatever wifi 802.11. [...] So you need to have a module that handles calls.
Then there has to be a clean handover between the cellular network and the wifi
network. There will be a module for that as well, because there's a protocol

conversion going on there.”

[A5] “They're dealing with two different forms of communication. So your
application need to have two different interfaces one for the cellular network
one for the wifi. That's definitely architecturally significant requirement.”

Additionally, depending on how different these variances of operational environments
are, their variability might trigger considerations for other AICs, such as performance
and security. For example, to support both online and offline operation environment,
the architectural decision of adding a data-store may be taken into consideration for

offline situations in order to secure data and maintain performance.

[A1l] “If the requirement is to queue when the app has network connectivity but fail
to connect to the server, then that's important, because you need to be able to
work offline and online. And you need to have a data-store ... if then you are a
desktop tool, you don't have any internet connection, then you need to be able to

save all the locals. So it would be architectural.”

Overall, a requirement generating variability may be an ASR, yet it still depends on the
significance of the element of variation. For instance, consider this requirement “The

mileage shall be displayed in either of the two forms: kilometres, or miles”; the element

172



originating variation is a specific data, namely the mileage, and its variances are two
forms of display, kilometres and miles. Although this requirement illustrates a concern
of variability, it will hardly be considered as an ASR because its variation is in the low
end and it is simply an implementation detail. Therefore, reviewing Table 9-2 again, it
indicates that a requirement exhibiting variability is more likely to be an ASR when it
Is associated with a significant volume of functionality behind each variance.

e SIGNIFICANT FUNCTIONALITY AND/OR QUALITY

Quality attributes have been widely acknowledged to be a key type of concern that
drive architectural design (Bass et al., 2012). Additionally, significant functionality has
been identified as one type of AICs in the phase-one grounded study. During the
analysis of the interview data, the researcher found that significant functionality and
quality attributes often go hand in hand with each other in the same or related
requirement(s). For example, the 14™ requirement in questionnaire A specifies the need
to support multi-languages, and meanwhile it is related with concerns for the support of
increasing numbers of locales, i.e. globalization. Thus, this single requirement
addresses concerns for both significant functionality, multi-language support, and also
quality attribute, scalability.

Therefore, the previously derived AIC type, significant functionality, was revised as
significant functionality and/or quality. It may indicate single functionality or one
quality attribute, or a combination of both.

The discovered significant functionalities and/or qualities include error handling,
monitoring, globalization, reporting, searching, and scalability. Since the literature has
adequate evidence supporting the significant functionality/quality as being
architecturally significant, this thesis will not elaborate on this type of AIC in details.
The following are two good demonstrations for error handling and monitoring which

are considered of architectural impact by participants.

[A4] “I'm leaning to a yes. [For] very simple applications you don't need to worry
much; there may be less modules required, where here you seem to require

some robust error handling mechanism.”

[A2] “So monitoring has to be addressed. Every project has a tick box in relation to

how system or group of systems is monitored. [...] You know control,
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availability of the system etc. you kind of put things into certain control around
that. If like CPU usage is exceeding a particular threshold, you want to be able
to flag that back, sending warnings back. So system availability, system status

needs to be built in.”
e INTERFACING

With respect to functional requirements, interfacing concerns events and data flows.
From the architectural point of view, interfacing concerns service or functionality calls.
Interfacing takes place in different levels. It could be between systems, which is the
easiest to detect as of architectural significance. That is also what has been discovered

in the study.
Data Transmission

Data transmission happens when one system needs to know something of or to hand
over something to another system. It entails architectural influence in terms of the
implied connection between these two systems, not any system else. Furthermore,
interfacing of this type would also introduce considerations for feedback and error
handling mechanisms such as logging and tracing.

[A1l] “If I pass up something to the system and it never returns, did | ever even pass
that off? So | need to logging and tracing, if throws exceptions, if never comes
back, all that stuff. So I have to build a new component completely for that. So

that's important.”

Moreover, although participant A5 does not have any domain knowledge for the 15
requirement, he still tends to consider it of architectural significance. The reason is that
the requirement implies the need for more information coming from some other
sources, which he is not sure about though. However, it is that need for data flow that

makes him inclined to regard this requirement architecturally significant.

[A5] “I’m not a web developer. My guess is that it would be significant. Cause now
you need to find more information based on where the customer came from,

how they got to the site.”
Service Request / Integration

Interfacing happens when a requirement involves service request or integration, such as
incorporating third-party applications or components. Engaging third parties or vendors
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not only brings in the necessary new components from them (i.e. architectural effect:
create a component), but also opens considerations for standard messaging, the usage
of middleware, and communication forms, etc. (locus of influence: open discussions for

other AICs like interfacing and technology choices).

[A3] “If you drive into third party you have again a lot of infrastructure. You need to
have standard messaging. You need to have the infrastructure like middleware
to communicate externally; either it's a one way or two way communication, the

acknowledgment, firewalls.”
Volume and Complexity of Business Rules

The volume and complexity of business rules is an AIC worth noting. If a requirement
or several requirements exhibit significant volume and complexity of business rules,
the locus of influence might lie in the opening discussion exploring third party
components, usually Business Process Management (BPM) components. Therefore,
requirements of this AIC have the potential to impose architectural influence by

configuring and interfacing with third party components. Below is an example.

[A3] “A lot of business rules here. You could get that pre-packaged but I think it has
the potential to impact your architecture. It could affect architecture based on
the complexity of the rules. You may need a BPM business rule processing.
You could have to configure that it may have to interface with existing

applications.”
e EARLY ADDs

It is discovered that existing or early ADDs (Architectural Design Decisions) will
implicitly communicate architectural influence. Here early ADDs refer to those
requirements that already indicate certain level of architectural choices. Early ADDs
might be decided before or during the requirements elicitation. In the interviews,
participants view early ADDs for technology choices and existing technology

constraints as ASRs.

The chosen technology would imply general architectural design directions and style,
and on the other hand, suggest what need not to be considered. For instance, choosing
to use web services indicates that there are at least a web-service provider and a

consumer, and maybe a web-service registry module (locus of influence: components
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and interfaces). Moreover, it may open discussions for other AICs, such as web-service
security and monitoring model which may concern message integrity and
authentication. These are different security considerations for a pure desktop

application which may concern secure files and data access.

[Al] “The web-service itself [...] tells me now I am not using browsers, I am not
joining the desktop, my security model is different, all that kind of stuff.”

[A4] “So the whole purpose of web-service would be that you can have language
independence. [...] Web-services are inherently slower than any other access.

Whether | should use web-service or not, that would drive [the architecture].”

Existing technology constraints also impose architectural influence, usually
compounded with other AICs together. That is when a new requirement can be realized
by a technology that is already in place in the existing implementations, that existing
technology serves as a constraint. Consider requirement 5" in the questionnaire,
participant A2 assumes the second sentence might tie to monitoring and thus should
look at the technology to implement that monitoring. However, with the existing
technology, FMW (Oracle Fusion MiddleWare), already employed to handle
monitoring in the company, the architectural choice is more likely to utilize the existing
FMW rather than searching for a new technology.

[A2] “When you go to some of these standard interfaces we have, FMW for example,
it does have monitoring built into it. So the assumption always is that the

monitoring we used today will be utilized.”
e COMPLIANCE

Compliance has been identified as one potential type of AIC in the analysis of the ARB
presentation files. As described earlier in Section 8.3.2, requirements concerning tax
and global trade compliance may impose architectural influence. During the interview
analysis, another kind of compliance is discovered of architectural influence. It is the
logging compliance. Regarding the 2™ requirement in Questionnaire B, it specifies that
instead of coming up with a self-designed mechanism for implementing logging, the to-
be solution has to comply with this standard: Common Logging and SNMP MIB. The

researcher has no knowledge about this compliance at all. But participant A5 has the
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relevant expertise and explained that, compliance with that logging standard imposes
existing architecture elements of that standard upon the to-be solution.

[A5] “That basically determines how you perform your logging. So you have to
comply with this which means you have to consume this other piece of the

architecture in your architecture. You have to make use of it.”
9.6 ASR Indicators

Along with the identification and categorization of various AICs, some characteristics
of these AICs and their associated requirements stand out. Some particular words or
phrases in a requirement statement may reveal architectural implications, such as
‘middleware’ and ‘web-services’. For example, participant A1 made the following
explanation when considering the 3™ requirement which contains one word ‘web-

service’:

[Al] “It’s actually telling you that it is a web service, not a desktop, or it’s not a
webpage. The rest of the sentence isn’t [architecturally important]. Just the two

words are”.

Therefore, the researcher uses the term ASR indicators to refer to any specific
information that one can obtain directly or infer indirectly from the lexical and
semantic viewpoint of a requirement which implies a requirement of architectural

significance.

ASR indicators as found in this study are a combination of characteristics of two types.
One type is direct ASR indicators, referring to those significant words or phrases in
the requirement statements. For instance, when a requirement statement contains
technology-related terms and implies technology choices, this requirement has the
potential to be architecturally significant. The appearance of ‘middleware’ in the 16™
requirement, “The ‘middleware’ system will create a SAP idoc file (order type= SD or
FD — meaning free of charge, no billing) & transmit it to SAP-I (systematic)”, is a good

demonstration.

[Al] “The minute | see middleware and other systems, regardless of the SAP or not,

it's architecturally important.”
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By contrast, the other type of ASR indicators cannot be obtained directly from the
lexical part of a requirement. Instead, they are disclosed by inferring indirectly from the
semantic meaning of the requirements. This type of indicator reflects how architects
view ASRs, i.e. how they think ASRs should look. This type is named as indirect ASR

indicators.

Based on the interviews data, Table 9-3 outlines the identified ASR indicators and their
types. These ASR indicators are drawn from participants’ explanations and
examination of the requirements altogether. More importantly, ASR indicators are not a

determining factor but a starting point for identifying ASRs.

Table 9-3. Discovered ASR indicators

Direct ASR indicators Indirect ASR indicators

Appearance of technology choices; Difficult and complex to implement;
Appearance of significant functionalities Determining the way to do something
and/or quality attributes; different and big;

Appearance of third parties or vendors; Emergence of significant variations;
Involving at least two systems/services;

As alluded to in the last few paragraphs, the appearance of technology choices, e.g.
‘middleware’ and ‘web-services’, is a direct ASRs indicator. Another direct ASRs
indicator is the appearance of significant functionality and/or quality attribute. For
the 4™ 12" and 14™ requirements in Questionnaire A, they contain these words and
phrases respectively, ‘scale ... from ... to...’, ‘visibility of system status’, and
‘additional languages’ and ‘globally’. These words convey indications for certain AICs
such as scalability, usability, and localization, and thereby communicate architectural
implications. It is the established knowledge and heuristics held by participants that

helps them recognize ASRs through these indicators without any doubt or hesitation.
[A4] “Yes, multiple languages definitely drive the architecture.”

[A5] “It means it has to be localized. Localization, that’s big enough to be

significant.”
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For a requirement involving at least two systems or services, it is more likely to be
architecturally significant if it entails the interfacing relationship between the two
architectural elements. The 15™ and 16" requirements in the questionnaire A, both
involve two systems - Avayalive and Linkshare, middleware system and SAP-I,
respectively. Between these systems, interfacing relationships are implicitly (the 15"
requirement) or explicitly (the 16™ requirement) specified. All participants considered
them architecturally significant, except for two who are not sure about the answer of

requirement 15",

Similar to ‘involving at least two systems’ from the interfacing perspective, the
appearance of third parties or vendors also implies architectural influence. It could
be the exact words such as “vendors” and “third party” or their concrete names or
applications. For instance, the 15" requirement contains a statement, “Today we use
Linkshare to support in the affiliate program; another possible vendor could be
explored”, shows a third party application name ““Linkshare”. Moreover, participant A3
instantly detected the word “vendor” and postulated that it would potentially affect the
architecture. He further explained that choosing vendors or not would drive a lot of
architectural considerations, such as evaluating the existing solution and searching and
selecting a better solution.

[A3] “Because you got the possibility to explore vendors [...] from the application
design perspective, architecturally are we going to the in-house? Are we going
to look at existing solution or are we trying to determine whether there is a
better solution out there. Then you are into the reign of architecture one level or

another when trying to make that decision.”

Where no direct ASR indicators stood out, there are some indirect ASR indicators to
help identify ASRs. Participants consider requirements, which are difficult and
complex to implement, as architecturally significant. For example, apart from the
heuristic that localization is an AIC, participants also explained that even when the
SAP has built-in capabilities to support multi-languages, a new requirement asking to

support extra languages might still be considered architecturally significant.

[A3] “Localization is complex in many different ways. You do have to treat it in

architecture level how to implement it.”
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By contrast, the 11" requirement about automatic call handover between networks is
viewed by participant A3 as very difficult to implement because he has the related
domain knowledge. He pointed out that this requirement would drive a lot of decisions
such as network protocols conversion and how to stop billing. However, other
participants from the IT department without relevant domain knowledge do not
understand the difficulty and complexity involved in the requirement. Consequently,
they either cannot provide an answer or consider the requirements not architecturally

insignificant.

Considering the 5™ requirement, participant A5 viewed it as implementation details
because “it (the requirement) is not saying that you need to do something different”. He
further explained that this requirement did not drive considerations such as “how many
different components and how do they talk to each other, and how do they behave”.
Instead, “(the requirement) wouldn’t introduce or remove any components. Interfaces
are still the same. Just instead of one call, there may be six calls”. Similarly for the

same reason, the 6™ requirement is also considered as non-ASRs.

[A5] “Unless this requirement says | should do something differently, should I make
assumptions about what should I do. Just for this requirement, if it says | need
to reconnect to another server or proxy, then that’s architecturally significant.”

Thus, for a requirement determining the way to do something different and big, it is

more likely to be architecturally significant.

The last ASRs indicator discovered in the study is the emergence of significant
variations. So, what kinds of variations can be regarded as significant ones? To answer
this question, the AIC, variability, described in the last section provides examples, such
as variations on communication channels, operational modes, and operation

environments.

It is reasonable to assume that more AICs in variability are yet to be discovered. As
discussed earlier, the AICs identified in this study are limited to the corresponding

scope and data, and so are the discovered ASR indicators.

180



9.7 Context

9.7.1 Requirements Situated within a Context

As discussed in the previous sections, context matters in many cases when participants
tried to understand a requirement and judge its architectural significance. Participants
always tended to seek more information or clarification about a requirement by asking
a lot of questions. Usually, these questions contain some assumptions that participants
made to interpret the requirement.

[Al] “What that means to ‘back-off’? [...] Is that back-up? [...] To queue it, hold it

in a queue? But what it does when back up?”

[A2] “Refreshing is the word, right? [...] talking about actual links to applications, right?

URLs? Or you are talking about the actual system data, master data?”

By asking questions and/or making assumptions, participants obtained their own
understanding of the requirement. After that, they then usually framed the requirement
within a specific context, particularly those that they were familiar with. Very often,
participants gave a concrete scenario that they had experienced in a project before to

elaborate the requirement under consideration.

For instance, two participants from the IT department both questioned whether the
‘back-off> in the 6™ requirement was the wrong word and should be ‘back-up’ instead.
Participant A4 from the R&D, however, fully understood the term and explained that,
“back-off” means to degrade services. He proceeded to describe a scenario in the

contact centre where the “back-off” occurs.

[A4] “Imagine this, the contact centre (CC), when it receives a call, we have to
request from the service from the media server, say play music or whatever. Say
one CC application has two media servers. Suddenly if one of the media servers
goes down, the capability of the CC to handle the same number of calls is not
there now. Then that would mean we have to down-grade or degrade certain
service. So we have to start rejecting calls or something. If we don't do that,

there would be a pile of waiting calls in our systems.”

When making assumptions, participants sometimes enumerated several possible

contexts for a requirement. For instance, participant A1l assumed that the “back-off”
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meant to queue in the 6™ requirement; and he further developed two possible context
situations for the requirement: 1) it is a web application; 2) it is a desktop application.
Under the two contexts, participant Al then inferred the architectural significances

respectively.

[Al] “OK, if the requirement is to queue when the app has network connectivity but
fail to connect to the server, then that's important. [...] if you are on a browser

for example, [...] but if then you are a desktop tool, [...].”

The additional information assumed by participants is pertinent to the context of a
requirement. So, what constitutes this context? In this thesis, the context consists of
three types, as derived from this empirical study as well as from the relevant literature

described in Section 2.3.1. The three types of context are:

(1) Context of Use: indicates “users, tasks and equipment - hardware, software and
materials, and the physical and social environments in which a product is used”
(ISO, 1998). An example of context of use may concern whether the requirement is

for a mobile application or desktop-based one.

(2) Implementation Context: indicates environments of both the existing solution space
and the to-be solution space. Examples of such context may concern whether there
is already an existing architecture, what are the existing capabilities, whether the
chosen technology or tool is mature and available, and assumptions about the to-be

solution or environment.

(3) Context of Development: indicates the context where systems development takes
place (Grudin, 1996). Context of development may concern architects’ professional

experience and preferences, and an organization’s architecture policies.

9.7.2 Context Influencing the Architectural Significance

Requirements are situated in context. It is found that the context affects the
architectural significance of some requirements. All the three types of context listed in

the last section have been found to be influential.

First, the context of use may influence the architectural significance of a requirement.
For instance, participant A4 considered two different contexts of use for the 5"

requirement in Questionnaire A: a simple mobile application vs. a safety-critical
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enterprise system. Under the two distinct contexts, the architectural significance of the
requirement is opposite. In his view, the requirement would not be architecturally
significant if it is for a mobile app; but significant for a safety-critical enterprise system.
That is because the complexity and severity implied in the implementation for a mobile
application is much less than it is in, for example, a banking-transfer enterprise system.

The following quotation illustrates this disparity:

[A4] “It depends. If you are writing a mobile app or something, sometimes it doesn't
matter. You retry once or twice and then you display an error. But if you are
writing an enterprise app, for example banking transfer, from one account to
another account, if that fails, you may want to log, you may want to raise an

alarm, a lot of other things, because that failure would be a significant failure.”

Second, the implementation context may affect the architectural significance of a
requirement. Participants often make assumptions on the as-is IT environment, in
particular on the existing architecture. For example, they make assumptions concerning
whether it is a brand new or enhancement project, and whether the existing system has
already established the capability and architecture to deal with the requirement.
Depending on these contexts, the architectural significance of that requirement may

vary.

For instance, when judging the first requirement which concerns supporting two kinds
of user roles, participant A3 just assumed that it was within the company context and
considered it not to be architecturally significant. The reason is, as he explained, that
the company has already established the mechanism and capability to manage roles in
SAP and other applications. In this context, regardless of whether the intended
application is brand new or not, this requirement is not architecturally significant.
However, when the author asked him what if the requirement is in a general context
outside of the company, participant A3 then expressed that this requirement might have

architectural impact.

[A3] “OK. Sorry. I was thinking from Avaya perspective. OK, from non-Avaya
perspective, yeah, that would have architectural impact.”
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Overall, as found in the study, the influence from the existing implementation context
on the architectural significance of a requirement is: a requirement will not be an ASR
if there is an existing architecture that provides the scaffold for that requirement. In
other words, the existing architecture weakens the architectural significance of certain

requirements. As an illustration, the following quotes exemplify this finding.

[A2] “If this is an existing web system you're refining, then it would not impact the
architecture. If it's a new web service you're building then it does have an

impact. So is this new or existing?”

[A5] “But being able to retrieve user ID and password if you've forgotten it, it
implies [...] you've already have secure modules to store the password and
verify users against the entered password. So | would say no. That's just the

minor feature request on top of what the architecture is already there”.

Apart from the existing one, the other type of implementation context is the to-be
implementation context, i.e. the to-be solution space. It includes other requirements
with which the requirement under judgement has dependency relationship(s). The to-be
implementation context can also influence the architectural significance of a
requirement. The quote below illustrates an example. Participant Al viewed the 11"
requirement as not being significant, because it implies the support of two types of
network which is not the focus of this requirement; rather, he assumed that there should
be a prior requirement stating the need of network support. Then that prior requirement

is an ASR while this 11" requirement is not.

[Al] “If I had a [prior] requirement says: the application shall support network and
the network should be cellular or wifi; and then (followed by) this No.11
(requirement). Then | would say this (No. 11 requirement) is not important

because the previous one is the architecturally significant one.”

Third, the context of development may influence the architectural significance of a
requirement. In this study, the context of development mainly refers to architects’
professional experience and preferences. Their influence can be seen from the different

or even contrasting answers to the same requirement in the questionnaire.
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Appendix B.1 provides a detailed comparison of all the answers given by the five
participants. In summary, a total of seven out of the 16 requirements were given the
same answers by all participants. Among them, five were viewed as ASRs including
the 4™ 8" 12" 13" and 14™ requirement while the 2™ and 7" were non-ASRs.
Among the remaining nine requirements, three - 5" 10" and 16", were almost
identically answered with just one different view by at most one of the participants. The

answers to the other six requirements had at least three responses that were different.

By analysing the explanations for the latter nine requirements, three reasons are

revealed for the different answers:

I.  Lack of adequate understanding of the requirement and its context.

Il.  Varying focus points or diverse implementation contexts and contexts of use
assumed by participants, because of different domain knowledge and
architecting experience and preferences.

[1l.  Not knowing the implications, difficulties, or complexity involved in

implementing a particular requirement.

The first reason is derived from cases when some participants cannot provide answers
for some requirements due to the lack of domain knowledge. It is especially evident
when the requirement is very specific and tightly bounded to a certain context. For
example, one that contains very domain-specific terminologies such as “back-off”, and
other such terms that are uncommon in other domains. The quotations below are good

demonstrations.

[Al] “Probably it's just tags. | don't know whether it's a new application. It's too
specific to actually answer. These [the previous requirements decisions on the

questionnaire] are generic.”

[A3] “Is it back-off or back-up? [...] I don’t fully follow that scenario. [...] Is it just a

return mechanism? [...] OK, this one | am not sure.”

The second reason points to the varying perspectives that the participants focus on and
the diverse contexts to which the participants frame the requirements, which lead to
different answers. For instance, participant A3 considered the first requirement not to
be architecturally significant if the project was an enhancement to existing system(s)
but significant if brand new without architectural scaffolding. However, for that same
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requirement, participant A2 considered it architecturally significant without assuming
what the implementation context was, but focusing on and judging from another
perspective - AICs such as security and flexibility that this requirement may give rise

to:

[A2] “Depend on who is using the system. You could make decisions around security
for example. ... What level of security ... One of the things we’ve been looking
at is building kind of architecture around that so that user controls and the roles
that user takes. Once that’s in place so you know that will give you the

flexibility in terms of the different types of roles.”

Nevertheless, participant Al views the same requirement not to be architecturally
significant. He interpreted the requirement in the context of use of a web application
which was in his domain expertise. It is the Ul content from his understanding that the

requirement will impact most and hence the locus of influence is not architectural.

[Al] “...it’s only the UI you’re interested cause you are hiding or showing on the Ul
depending on the roles. So your data doesn’t change. Your interface does not
change. ... That’s not architecturally important... So my high level components
are not affected by this requirement. So I’d say that is a very small requirement,

very low end.”

The third reason, not knowing or underestimating the difficulties and complexities
involved in implementing a requirement, was mainly discovered when comparing the
answers given by the IT participants to those by the R&D participants. As some
requirements are particularly domain-specific, it is evident in the interviews that they
(e.g. the 6™, 11" 15" and 16" requirement) tend to result in differing answers by

participants who are unfamiliar in that domain.

For instance, the 11™ requirement concerning the active call handover from cellular
network to Wi-Fi, is specific to the R&D department - call centre domain. The two
participants from R&D both viewed it as architecturally significant, explaining that this
requirement was very complex and difficult to implement since it would drive a lot of
architectural considerations such as communication channels (cellular vs. Wi-Fi),
protocol conversion, and logics to ensure the stop of billing when dropping calls
automatically from the cellular network.
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However, for this particular requirement, participants from the IT department exhibited
different opinions. Participant Al viewed it as non-ASR due to underestimating its
complexity and difficulty for implementation as a result of not familiar with the

domain.

[Al] “That's just the same as switching the database. so you might have a component
here called network, with two lines here going out, one to wifi and the other to

cellular, but it doesn't change your architecture.”

Moreover, participant A3 tended to consider it architecturally significant but overall

was not sure and he further explained that

[A3] I wouldn’t have a clue of how to even do that (implement this requirement).
[...] Itis influenced by what | am familiar with verses what | am not. That’s

architectural. But someone else may just say that’s just a module of code.”

Taken together, context is decomposed into three types: context of use, context of
development, and implementation context. Context of use helps architects understand
the requirements. More importantly, some requirements can be architecturally
significant in one context of use and insignificant in another. This also stands true for
different implementation contexts. The context of development influences the
architectural significance of a requirement in a subjective manner. After all, what is

architectural depends on architects’ view.

9.8 Conclusion

This chapter presents the five dimensions derived from the analysis of the phase-two
grounded theory study. The five dimensions illustrate key aspects that are found in how
architects recognize ASRs. The AICs are categories of potential ASR concerns. The
ASR indicators capture the characteristics of ASRs that may alert an architect. The
locus of influence is a general assumption of where the architectural impact of a
requirement lies, particularly when there is inadequate information. The context is the
information that allows architect to further infer the precise architectural effect, if any.
And the architectural effect of a requirement determines whether it is architecturally

significant or not.
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The previous chapter, Chapter 1 , introduced the concept of AIC and its six categories
derived from the analysis of the ARB presentation files aiming at identifying potential
ASRs. This chapter then presented a bigger and more holistic picture around
identifying ASRs through revealing architects’ thinking. The concept AIC was further
adopted in phase two; and the six categories from phase one, except for scope, are
proven to be appropriate as they were also found in the phase two study.

The next chapter will present the emerging theories on ASRs and in particular on how
to identify ASRs.
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Chapter 10 Emerging Theory on ASRs

The previous chapter presented the analysis of the phase-two grounded theory study,
describing the five dimensions discovered for how architects recognize ASRs. Taking
the two-phased study together, a framework for identifying ASRs was developed.
Additionally, a list of theories on ASRs that emerged during the analysis is presented in
this chapter. In describing the framework, relationships among the five dimensions are
elaborated. In addition, two examples of requirements are applied to the framework for
further illustration. Following that, three propositions on ASRs are discussed that

concern the levels of ASRs.
10.1 A Framework for Identifying ASRs

The previous chapter has presented the five dimensions and their relationships to ASRs.
Additionally, the relationships among some of the five dimensions are implied, which
will be further elaborated in this section. Based on these results, a framework called the
ASR Framework has been developed to help identify ASRs and is illustrated in Figure
10-1.

Expressed by

ASR Indicators

Situated in

Context

Embodies .
Locus of Influence Architectural Effect

Figure 10-1 The ASR framework for identifying ASRs
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10.1.1 Relationships among ASRs and the Five Dimensions

With ASRs placed in the centre, the ASR Framework portrays the relationships among
ASRs and the five dimensions. These relationships are described in the remainder of

this section.

Every ASR belongs to one or more types of AICs. For instance, the 4™ requirement
in Questionnaire A is concerned with scalability which belongs to a significant
functionality and/or quality attribute. In addition, one ASR may belong to more than
one type of AICs. Thus, one ASR may be identified by recognizing different AICs
depending on the participants’ interpretation and focus. Table 10-1 demonstrates such
an example. For the 11" requirement, participant A4 regarded it as an ASR because he
knew from his domain knowledge and experience that automatic call-handovers from
cellular network to wifi is a significant functionality for it is very difficult to
implement. Also viewing it as an ASR, however, participant A5 has little domain
knowledge about the call-handover. Nevertheless, the variance of networks (wifi and
cellular) caught his attention. He, therefore, inferred that there is a need of two different

interfaces for handling the two different forms of communication.

Table 10-1. An example of one ASR of two AICs in the study

The 11th The application shall allow users to handover an active call

requirement in from cellular network to Wi-Fi. Once handover to Wi-Fi is

Questionnaire A complete, the cellular call must be dropped automatically.

Participant A4 A5

Participant’s focus Automatic call-handovers Support both cellular

point network and Wi-Fi

The focused AICs  Significant functionality Variability in operation
environment

AICs can be expressed by certain ASR indicators. ASR indicators are the explicit or
implicit indication of AICs. As stated earlier in Section 9.6 (ASR Indicators), implicit
ASR indicators have to be derived by interpretation using the architectural knowledge
and experience. Different kinds of ASR indicators may correspond to different types of
AICs as well as to different concrete AICs. To illustrate the dependencies between

them, Table 10-2 lays out the relationships as discovered in the study.
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Table 10-2. Examples of relationships between ASR indicators and AlICs

Types of AlICs Concrete AICs Corresponding ASR indicators

Communication channels;
Variability Operational modes; Emergence of significant variations

Operation environment;

Appearance of significant
functionality or quality attributes;

Significant Reporting; Searching; Localization;
functionalities / Error handling; Monitoring; Difficult and complex to implement;
quality scalability

Determining the way of doing
something different and big

Appearance of third parties or

. . vendors
Service request; Data transmission

Interfacing Involving at least two systems

Volume an mplexity of in
olume and complexity of business Difficult and complex to implement

rules
Early ADDs Technology choices or constraints | Appearance of technology choices
. . Determining th f doi
Compliance Regulatory compliance etermining the way of coing

something different and big

Although both Section 9.5 and especially Section 9.6 have presented most of the
relationships shown in Table 10-2, here one point is worth noting again. Since not all
functionalities are considered architecturally significant, some significant ones have
already been well recognized and some not yet. Therefore, for those well-recognized
functionalities such as searching and reporting, the appearance of related keywords in a
requirement can directly imply the possibility of an ASR. However, for the rest that are
not well recognized yet, two indirect ASR indicators could help. If a requirement
entails a functionality that is difficult and complex to implement or it determines
something different and big, then it might be an ASR. Unfortunately, being able to
detect these two indicators requires related domain knowledge and architecting
experience. However, practitioners could transfer such knowledge to others by

establishing their own domain-specific significant functionalities and ASR indicators.
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In this sense, ASR indicators characterize ASRs. With sufficient architecting
experience, architects might identify ASRs by recognizing ASR indicators.
Consequently, they can make immediate assumptions about its architectural

significance.

By their very nature, both AICs and ASR indicators identified in the study are derived
from the heuristics compiled by the architects from their experience and knowledge. In
turn, requirements belonging to those AICs or showing those ASR indicators are
generally architecturally significant. However, the architectural significance of some
requirements may depend on the context in which the requirements are situated. ASRs
are situated in the context of specific real-world projects; the context may impact
the architectural effect of a requirement. Regarding the architectural significance of

requirements, some ASRs are context-dependent and some are context-free.

For a context-dependent ASR, whether or not it can impose architectural effects would
depend on the context where that requirement is situated. It can be architecturally
significant in one context but not so in another context. Detailed examples for this have
been described in Section 9.7.2. For example, a requirement, being architecturally
significant in a green-field project, may be insignificant in a brown-field project where
the existing architecture already has the scaffolding for that requirement.

For a context-free ASR, it would always be architecturally significant. For instance,
localization is a context-free AIC no matter whether the existing implementation
context has the capability to handle it already or not. The reason is that localization is a
complex concern that may drive changes to the existing architecture or even changes to
the requirements if it is too costly or infeasible to implement. The researcher has
observed one concrete example regarding localization in the studied company. One
project was going to set up a new, fully functional legal entity for the company in
Shanghai, China, impacting more than 30 systems. One concern is to support Chinese
language, e.g. providing material code descriptions in Chinese. Although the existing
SAP does have some language-supporting functionality, they are not handled in a
standard way as required by this project, leading to changes on a number of forms and
interfaces. Furthermore, this project initially aims to implement a broad localization for
all relative documents and systems to support Chinese. However, the BA discovered

that many other applications impacted by this project do not handle or even prevent
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non-ASCII chars whereas Chinese contains non-ASCII chars. In this context, it is too
costly, or even infeasible for some applications, to realize a broad localization
considering the amount of changes and additional testing efforts. As a result, the scope
of this localization-to-Chinese requirement has been reduced to a much smaller range
of applications and documents. Yet, the localization details and the ultimate
requirements-level solution have not been decided at the point of requirements decision
making, for they need much more technical input and consideration of existing

constraints.

The AIC implies the locus of influence. And the locus of influence further implies
the architectural effect. These implications are architectural knowledge. For instance,
the search functionality is an AIC that implies the locus of influence might be the
components and interfaces. During implementation, a third party component or library
such as Apache Lucene or Google Custom Search Engine might be incorporated.
Consequently, the architectural effects may include the addition of a dedicated
component for dealing with the search functionality and the establishment of

interfacing between that component and others such as the database.

The locus of influence suggests ASRs. When the contextual information is inadequate
or unknown, it is difficult to infer the architectural effect of a requirement. This
situation is common in requirements phase. The dimension — the locus of influence
offers a means to identify potential ASRs by inferring where the impact may locate. If
the inferred locus of influence is at the scale of architectural ones, then it suggests a
potential ASR.

Architectural effect determines the architectural significance of a requirement.

Understanding the relationship among ASRs and the five dimensions advances the
definition and understanding of ASRs. The AICs and ASR indicators summarize and
characterize the ASRs by clarifying what kinds of requirements might be ASRs from
using the heuristics. Then to further confirm the presence of ASRs requires a focus on
the locus of influence and the architectural effect. In cases that information is
inadequate or uncertain, architects might infer the locus of influence of a requirement
and make assumptions accordingly. When more information is known or available, or
some assumptions are made, architects might then be able to tell whether it is ASR or

not through understanding or reasoning about its architectural effect. Context can exert

193



influence on the architectural effect, which hence may make context a key dimension in
determining ASRSs.

10.2 Exemplifying the ASR Framework

This section applies the ASR Framework to two concrete requirement examples. The
purpose in doing so is to show how the ASR Framework can be utilized to define and
identify ASRs.

] Expressed by ASR indicators — involving
two key system elements, “the

application”, and “the

messaging service”.

AIC — Interfacing

—

(Le$
et
cnas?
Requirement example ( \
— “While the application Context — assume

saljdwy

is in the background (i.e. Situated | that the messaging
not ended), the - service and the
messaging service shall application are
continue to live and separate elements.

operate.”
\_ _/

In

S]Opdall

Architectural Effect —
Embodies Establish interfacing
between the
“application” and the
messaging service

.

Figure 10-2 Exemplifying the ASR Framework with an example

Locus of Influence —
Components and interfaces

_/

The first application of the ASR Framework is demonstrated in Figure 10-2, using the

8™ requirement example in the questionnaire. For the requirement example shown in
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Figure 10-2, it is an ASR in the context that the application and the messaging service
are two separate system elements in the to-be solution, and the messaging service may
be a daemon tool or process. Thus, the requirement involves two key system elements
(ASRs Indicator) and an interfacing relationship between them is defined by this
requirement (AIC - Interfacing). To be more specific, as participants A1 and A5 both
mentioned, the application may not need to know about the messaging service as far as
the requirement tells, but the messaging service need to know about the application and
its state, namely whether it is in the background or not. To communicate the state, there
is a need to open an interfacing channel between them (Locus of Influence). By doing
so, an interfacing connection between two components is established (Architectural
Effect).

The description above presents the information on each of the five dimensions in the
ASR Framework. In this way, it demonstrates that the ASR Framework can be used to

help define and justify an ASR.

To guide the identification of ASRs, Figure 10-3 illustrates one possible usage of the
ASR Framework with another requirement example — the 7™ requirement decision from
Questionnaire B. It shows the process of how participant A5 identified this ASR, based
on his explanation. In the figure, each block represents a stage in the identification
process, derived from an analysis of the participant’s explanation. Except for the
context dimension, all the other four dimensions of the ASR Framework have been
reflected in the explanation, corresponding to the bottom four stages. As depicted in
Figure 10-3, it shows several sequential steps when using the ASR Framework to
identify ASRs, from reading the requirement statement to noticing the ASR indicators,
recognizing the AICs, to analysing the locus of influence and finally to inferring the

architectural effect.
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Unified Desktop will support an agent’s handling of multiple
simultaneous voice and multimedia work items when the work is
assigned by a solution that supports blending.

(Read the requirement example)

!

Support “voice”, “multimedia”, and “blending”
(Notice ASR indicators)

!

Variability in communication channels
(Recognize AlCs)

|

Components and interfaces

(Analyse Locus of Influence)

|

Create adapters and interfaces for voice, multimedia, and the blending
(Infer Architectural Effect)

Figure 10-3. Using the ASR Framework with an example

In the requirements example, the Unified Desktop is a next generation contact centre
system, and participant A5 is an expert in this area. Without further context information,
he recognized that the requirement was an ASR immediately after reading it. This is
because, as he explained, this requirement indicates the ability to support voice,
multimedia and their blending (ASR indicators). Underneath that ability implies the
need to have different channels to get these multi-types of media (AIC — variability in
communication channels). These different channels then correspond to different
components and interfaces (locus of influence). To deal with this requirement, the
common practice of architectural design is to create relative adapters and interfaces for
these multi-media (architectural effect). Yet, so far the context is not a consideration for
this requirement as it is assumed that there are no existing implementations and

infrastructure for this requirement.
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The sequential process used to identify ASRs in Figure 10-3 is one possible way of
using the ASR Framework. Other ways to apply the framework may also exist. For
instance, a senior architect may not need to analyse the locus of influence of a

requirement for she may directly know its architectural effect.

10.3 Levels of ASRs

The preceding section has articulated the ASR Framework. It constitutes the main
emerging theory derived from the grounded theory study. This section then describes

three propositions on ASRs, with an emphasis on the levels of ASRs in general.

Both the ARB analysis and the interview study have found evidence that different
ASRs exhibit difference levels of focus. In other words, there are different levels of
ASRs. This is no surprise since the literature review in Section 2.2.4 has demonstrated
that requirements have different levels. Levels of requirements focus on the degree of
abstraction and design focus. For ASRs, their levels bring a focus on the degree of the
scope of the architectural impact. This degree of scope corresponds to the three types of
architecture, namely enterprise architecture, solution architecture and application
architecture, in addition to the relative responsible architects, i.e. enterprise architect,

solution architect, and technical lead.

The level of ASRs has been implied by participant A3, where he pointed out, there may
be two questions to answer for every requirement in the questionnaire: “is the
requirement architecturally significant? Then, at what level, what (architecture) domain
level, enterprise, solution, infrastructure, application? Which box (component/system)
you put it in?” He brought this up after judging 15 requirements.

Furthermore, the researcher observed that the architectural design in the observed ARB
meetings and the analysed ARB presentation files focused on the solution architecture
level, treating applications as black boxes serving as the components. The architectural
design within each application is seldom presented. As a result, the majority of
requirements presented in the ARB presentation files concern: 1) interfacing between
applications; 2) functionality that imposes impact across multiple applications. ASRs in
this level are referred as solution-level ASRs, for they mainly affect the solution

architecture.

197



In the interview study, the given requirements decisions are mainly confined within one
application. For instance, requirements are often started with phrases such as “The
application shall allow...”, “Landing page should offer...”, and “The toolset shall
provide...”. ASRs in this level are referred as application-level ASRs, for they mainly

affect the application architecture.

There is another level of ASRs, which is not evident in this grounded theory study but
has been noted in the observation study described in Part Il. That is enterprise-level
ASRs. The triage activity carried out by the solution architects and enterprise architects,
described in Section 6.3 may introduce enterprise-level ASRs. For instance, in the
triage questionnaire, one question asks if the project would decommission any systems.
Regarding this, the enterprise architects team may decide to decommission a particular
system and thus impose one enterprise-level ASR. To decommission a system is an

enterprise strategy that constrains relative, forthcoming requirements decision making.
Therefore, the first proposition on ASRs is:

Proposition 10.2.1.  Different levels of ASRs may correspond to different kinds of
architecture: enterprise-level ASRs to enterprise architecture, solution-level
ASRs to solution architecture, and application-level ASRs to application
architecture.

In the phase-two, interview study, some requirements were viewed as ASRs but of
varying degrees of architectural significance or importance. For instance, participant
A4 viewed the 12" requirement (to provide system status feedback) in Questionnaire A
as an ASR, but at “the micro level”, emphasizing that the requirement was not essential.
He further explained that the requirement may not impact the product fundamentally
and may be implemented in a very simple and easy way. Regarding this, participant A5
shared a similar view. He has used some terms such as “low end”, “minor feature”,
“not measurable influence”, and “not a big deal” to express that some requirements are

architecturally significant but not having a measurable architectural impact.
Therefore, the second proposition on ASRs is:

Proposition 10.2.2. ASRs have different degrees of architectural impact /

importance.
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For those requirements having fairly low degree of architectural impact or importance,
they are referred as minor ASRs in this thesis. However, when a minor ASR is
attached with a quality attribute, they may together become a more significant ASR.
For instance, the login feature (12" of Questionnaire B) by itself was considered by
participant A5 as a minor ASR. However, he clarified that if the requirement said that
“you must have a secure login capability”, then it would definitely be more

architecturally significant.

In addition, two participants A2 and A3 stated that requirements concerning logging or
monitoring may be not architecturally significant at all under the context that the
technologies to implement them or tools available are very mature. In this context,
these concerns become secondary, i.e. not to be considered upfront, when it comes to
architecting; and even, as participant A2 explained, these requirements may not be
architecturally significant for they are “actually something that come in more at
(detailed) design stage”. These requirements are referred as context-dependent ASRs,
as implied in Section 9.7.2 which indicate requirements that their architectural

significance may change dependent on the context.
Therefore, the third proposition on ASRs is:

Proposition 10.2.3. For minor ASRs, they are more likely to be context-
dependent ASRs.

10.4 Summary

This chapter synthesizes the two-phase grounded theory study, addressing the research
question RQ3, “How do architects identify architecturally significant requirements?” It
presents the ASR Framework, clarifying the relationships among ASRs and the five
dimensions in the framework. Two requirement examples are used to illustrate the
application of the ASR Framework in identifying ASRs. From the grounded theory
study, three emerging theoretical propositions on ASRs are derived. To be specific,
ASRs have different levels as normal requirements do. Different ASRs may be at
enterprise-level, solution-level, or application-level, which is determined by the scope
of their architectural impact. Furthermore, some ASRs may exhibit more significant
architectural impact than others. Bearing less architectural importance, minor ASRs are

likely to be context-dependent ASRs.
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Part Four: Validation, Reflection and Conclusion

Part Four presents the validation study in addition to the recommendations for research
and practice for improving requirements decision making. Based on all the derived
results, Chapter 12 presents the proposed guidelines for practitioners towards how to
improve requirements (and architecture) decision making. At the end, it concludes the
thesis, clarifies the contributions and limitations of the thesis study, and sets out future

work.
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Chapter 11  Validation

Part Two and Part Three have described research findings on the requirements decision
making process, its related requirements issues and challenges, and the ASR
Framework for identifying ASRs. This chapter presents the study and results of
validating the research findings. The purpose of the validation study is firstly
introduced. Then the study design is outlined, highlighting the validation guideline and
the characteristics of participants. Following that, the validation analysis and results are
presented for each of the three main parts of research findings. At the end, the threats to

validity of the study are explained.
11.1 Purpose

The purpose of the validation study is to confirm the research findings rather than to
extend or further develop them. The generalizability and accuracy of the research
findings will be focused. Since the findings are mainly derived from studies conducted
within one organizational setting, it is necessary to strengthen the findings by
investigating whether they are applicable to other software development settings, match
other experts’ experience or are acceptable in other experts’ opinions. By conducting

the validation study, the research findings were critically evaluated.
11.2 Study Design

Expert interview is chosen for the validation study as justified in Section 3.6. To begin
with, selecting the experts to participate was carried out. With the help from the
researcher’s supervisors, a list of 21 candidates working in software industry was
drawn up based on their personal networks. Then, the candidate experts’ profiles were
recorded including information such as current company name, job title, previous work
experience, years of work experience, software domain and work location. Base on the
information, the candidates was ranked according to their suitability for the validation
study. The primary measure for ranking is the relevant years of experience in both
requirements and architecture. In this way, highly rated candidates were initially
contacted by the supervisors via email. After positive responses were received, a cover

letter and an introduction to the research were then sent to the candidates. The cover
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letter can be found in Appendix C.1 and the introduction was mainly the motivation
section in Section 1.1 in addition to the research questions. When the candidates agreed
to participate in the study, the researcher sent them a validation guideline which is

described in the next section.

11.2.1 Validation Guideline

To facilitate the organization of the interviews (Seaman, 1999), an interview guideline
for validation was designed, which also helps convey the findings to the interviewees.
Details of the guideline can be found in Appendix C. In brief, it introduces the purpose
of the study, questions for interviewees’ background, and the findings to be validated.

The findings included in the guideline consist of three parts. First, in understanding the
requirements decision making context, two sections of findings are laid out for
validation, including architects’ influence on requirements decision making and the
conceptual model for requirements decision making. Notably, the stakeholder
contribution pattern described in Section 6.2 is not included in this chapter for
validation, because it has been evaluated by the original participants - business analysts
in the studied company through email survey. This survey evaluation has been briefly
described in Section 6.2. By the survey, it has shown that the findings fit with the
experience of the study participants. Furthermore, as the stakeholder contribution
pattern is a description derived from reoccurring practices, it is by itself supported with
adequate evidence. As to whether the pattern occurs to other organizational settings, it
is left for future work.

Second, the requirements challenges and issues discovered by the survey as described
in Section 3.4 are included in the guidance, for they are solely derived from and
confined within the studied IT department. Evaluating them in other organizational
settings is necessary and meaningful to better understand the requirements decision
making context. Third, the ASR Framework is included for validation, also including

the three propositions described in Section 10.3.

Following each part of findings in the guideline, a set of questions is outlined. Some are
specific such as “Do you agree that there are basically four phases when architects can
impose influence on requirements?” Some are open-ended, such as “If the phases or

similar stages apply, what are the influences in each phase?” These questions are meant
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to function as point of departure for the validation interview, and the interview should

not be limited by these questions.

11.2.2 Experts

The previous section described the findings contained in the validation guideline. They
exhibit a strong focus on both requirements and architecture. Overall, the results to
validate are all related to requirements, and furthermore, the first and third parts of the
guideline both have a strong emphasis on architects. Therefore, having adequate
experience in both requirements and architecture is the primary measurement in
choosing the right experts from the initial 21 candidates as mentioned earlier. In
assessing their experience, their LinkedIn profiles were examined carefully by the
researcher and one of her supervisor, where their current job title, domain, past work

experience and responsibilities were considered.

At the end, 10 top-ranked experts were engaged in the study, with ten interviews
carried out with each expert. All the interviews were recorded. To note, more experts
are available and could be interviewed for the study, but ten is considered as a good
number and is enough for the purpose of the validation. Eight of the interviews were
face-to-face meetings between the expert and the researcher, and the other two were
carried out by Skype video meeting. Each interview lasted one hour and 40 minutes in
average. Additionally, all the interviews were recorded. In terms of demographics,
participant P1 to P9 all work in Ireland and participant P10 works in Australia.
Additionally, all the participants have consented to have their data and interview

answers used anonymously in the research.

Their background information is outlined in Table 11-1, derived from the interviews
based on the “About you” questionnaires in the validation guideline in conjunction with
their LinkedIn profiles.
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Table 11-1 Participants' profiles for validation study (Req. — Requirement; Arch. — Architecture; Edu. — Education; Snr. - Senior)
Years of Experience i
Current Job Title Domain Project situation Current SDLC Edu. Interview
Total |Req. |Arch. Date
Mi Agil
PL |20 |15 |5 Snr. Solution architect | IT, healthcare In-house ixed, Agileand ¢ 113/05/2016
Waterfall
. . — Product development,
P2 14 6 5 Chief s/w architect Telecommunication . Waterfall PhD. |06/03/2017
customer facing
P3 21 21 17 Head of engineering e-Commerce; IT Customer/Supplier \sﬂvz(ticrl';‘:\lig”e and BSc. 15/03/2017
P4 30 25 17 Enterprise architect Bank In-house, product Mixed, Agile and MSc. |16/03/2017
development Waterfall
P5 7 6 2 Snr. App. engineer Bookmaker In-house Agile, lean MSc. |19/03/2017
. Mixed, Agile and
P6 10 2 2 Snr. s/w engineer Bank In-house Waterfall BSc. 20/03/2017
In-h
P7 30 19 4 Snr. System analyst Insurance n-house, product Agile BSc. 22/03/2017
development
P8 12 6 6 Agile coach & scrum Bank In-house Agile, with req. sign- Msc. |22/04/2017
master off
Waterfall
P9 21 15 12 Lead solution architect |Insurance In-house ater @ . BSc. 05/05/2017
(dominant), Agile
PI0 (22 |21 |21  |Solution architect Government In-house \'\f/z‘ti‘:}sf"e and \popp. | 24/05/2017
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According to Simon (1996), people require approximately a decade including both
learning and practicing time to reach top professional proficiency. From Table 11-1, the
average work experience of the participated experts is 18.7 years, with 13.6 years of
experience in requirements and 9.1 years in architecture. In terms of their current job
title, there are, overall, five architects, two senior software engineers, one senior analyst,
one Agile coach & scrum master, and one executive (i.e. head of engineering).
Although most of the participants are now architects, they have in fact more work
experience in requirements. In terms of their educational background, two have a
doctorate degree; four have a Bachelor of Science degree; and four have a Master’s
degree. Their domains vary from telecommunications, banks, insurance, to e-commerce,
healthcare, bookmaker, and government. The project situation is primarily in house,
with two in customer-facing product development. The dominant current Software
Development Life-Cycle (SDLC) is a mix of Waterfall and Agile, in addition to one
organization in pure Waterfall and two in Agile. Regarding the requirements and
architectural design processes, some organizations have them carried out step-by-step,
some in parallel, and some have both depending on the project and the SDLC. This
profile information demonstrates that the participants are from a broad range of
domains and organizational settings and have adequate expertise in both requirements

and architecture, and thus they are suitable and good enough experts for the study.

11.3 Validating Architects’ Influence on Requirements Decision

Making

The participants were presented with the findings on activities and influences from
architects to requirements decision making, as described at length in Section 6.3. They
were asked to express their opinions and insights on that whether they agreed with the
four phases where architects can impose influence on requirements decision making,
what kind of influences in their experience, and in what kind of activities architects
would make those influences. Moreover, whether there were any additional activities
and influences from architects was also asked. Additionally, it was clarified to the
participants that the four phases do not have to indicate a sequential process, and

instead, they can be iterative and intertwined.
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11.3.1Supporting evidence

The Four Phases

All participants have agreed on the four phases — project proposal, requirements
elicitation, requirements validation, and architecting, when architects can impose
influence on requirements decision making. To note, in some participants’
organizations, the four phases are not called the same as presented in the findings and
some do not even explicitly exist, but the participants still agreed with these phases
because the activities involved in each phase match with their experience. For instance,
the project proposal phase is also called pre-study or conceptual stage in participant
P4’s organization, while for participant P8 no explicit architecting phase is present
because it is intertwined with the requirements process and is “almost always

constantly going on”.

P8 “There isn’t a separated architecting phase. That tends to happen simultaneously
once we get a high level of what the project is about and what they (the business)
are trying to do. That's generously enough to create a high level architectural

design.”

This intertwined process also appeared in participant P5’s organization, where the
requirements validation and refinement would be iteratively triggered by the result of

prototyping including architecting from the architect team.

P5 “Sometimes, you do a proof of concept to check and say if something works. If
you find it doesn’t work, then you got to back to the requirements validation

from the architect team. It's more refining and validating at the same time”

Additionally, Participant P7 mentioned two other phases - delivering and testing, and
expressed that by the time coming into those stages, “there really isn’t an opportunity to
steer anything. It’s a done deal. Are you going to accept it or not?”

Constraining at Project Proposal Phase

All participants agreed that architects, typically solution architects and enterprise
architects would carry out the activity of assessing the project proposal or the ideas
proposed by the business at an early stage.
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To achieve that, participant P2, P3, P8, and P9 pointed out that architects would
provide input into the proposal by outlining the existing constraints that need to be

considered upfront within “the existing eco-system”.

The constraint could come from the existing implementation context such as the set of
COTS components or technologies in the company, as indicated by participant P2. It
could also come from the context of development such as time, resource skills, and

what is available in the marketplace (participant P1, P3, P6, and P10).

At this stage, as much constraining by laying out the constraints, architects also provide

options, assess these options and help decide a general view of the solution.

Participant P1, P3, P4, P7, P8, and P9 explained that architects would produce an
estimation of cost, in order to not only help build the business justification and the
business case but also help to make early-stage architectural design decisions such as

the “buy or build” decision. An example of such explanations is demonstrated below.

P3 “It's decisions such as do you buy or build, [...] how to integrate. [...] All those
options get assessed, because ultimately you need to have some view of that at
the proposal stage, giving the cost or giving indication of what the investment

requirement would be.”

To note, the constraining influence would most likely occur after a project proposal is
accepted. So before it is accepted, as participant P7 and P9 emphasized, it is more
about presenting options. Architects would investigate the problem and the gap in the
proposal, then suggest on whether the proposed project is “worth developing or not”
and what are the alternatives especially when the proposal comes with a solution rather

than a gap. One example given by participant P7 is quoted below.

P7 “The business might decide oh we’re going to do a new product and they want
to try something, say, a new type of insurance we want to underwrite. It might
write 10 or 15 (insurance) policies. [...] If they are high value and high profile
they might be worth considering doing a new product. [...] if you don’t
understand if it’s going to sell, [...] it’s just there are other options (to configure
the new insurance in their existing miscellaneous product to try out), rather than

rushing into a whole new development.”
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For participant P10, the constraining influence does not happen that much. Rather, he
added that the influence in his experience is “de-scoping”, where architects would
selectively choose a limited number of requirements from the proposal to be delivered

in this project release, considering the amount of time given.
Shaping at Requirements Elicitation Phase

All except participant P10 agreed with the shaping influence from architects on
requirements, often through advising BAs. Advice could be given when the BAs lack
of understanding of the project request, or a cheaper requirements solution is available,
or an existing business process or component could be reused. Some supportive
answers are quoted below. To note, the term BAs here also indicate any job titles such
as product owners or product managers in other organizations that are responsible for

facilitating requirements decision making.

P1 “We get kind of high level requirements. [...] I'll filter them down into process
models and system models. And then | will advise people what the actual

requirement is and what we have to change.”

P2 “Architects would function as an advisor to BAS, but also to the customers. Like
we would often have the customer to change their requirements, not force them.

But the customer would know this is a cheaper solution.”

P4 “Here in the bank, you want to get a credit card or you want to get a current
account. They're two separate products, but (for) the same customer. So they
may find you got to gather who is the customer, evidence of where you live,
have you got income, check to see what's your credit rating. [...] That's one
process that could be reused (for the two products). The architects will advise
the BAs into that.”

Additionally, participant P3 emphasized that in his experience architects were defining

Non-Functional Requirements NFRs), which in fact influences more than shaping.
P3 “In my experience, you (architects) are defining the NFRs rather than shaping.”

Participant P7 commented that technical leads would not be involved in requirements
elicitation phase but definitely in the validation phase. The reason is that a technical

person can steer too much from the solution perspective, while the focus on elicitation
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should be the gap and “you have to let them (the business) come out with the crazy
stuff”.

For participant P10, he would not see the three types of architects involved in
requirements elicitation. The reason is, as he explained, that in the regulated domain of
immigration, the business process, e.g. for applying a particular visa, is all well
understood and documented and there are about 20 to 25 systems, not large scale. In

their waterfall process, the requirements elicitation requires no assist from architects.
Ratifying in Requirements Validation Phase

All participants agreed with the ratifying influence. Even though in some participants’
organization the validation process is informal and no sign-off is required for no formal
requirements documentation is produced, all participants agreed that architects would
be engaged in reviewing the requirements, contributing in terms of pointing out missing

or infeasible requirements. Below is a good example.

P2 “Sometimes you just find holes in the logic or business process. For example,
we worked a lot with telephony and credit management and billing. They might
have a customer requirement; you read it through in detail and then you say,
you have security flaws in that business process. You might be giving away free

credit by suggesting we meet that requirement.”
Refining in Architecting Phase

All participants agreed with the refining influence from architects. Participant P7 and
P10 pointed out that the engagement of enterprise architects in this phase is in a less
extent. As mentioned earlier, depending on the SDLC especially in Agile, the refining,

ratifying and shaping influence can occur simultaneously.

Various reasons can trigger requirements refinement at this stage, such as new
organizational principles (from P4), unforeseen technical limitations (from P2),
technology or prototyping does not work as expected (from P5), and incorrect

assumptions of the legacy systems (from P6). Some examples are quoted below:

P4 “During the architecting process, we may change the principles of the
organization. For example, we change the standard, say, we want to use IBM
ETL (Extract Transform Load). [...] In the past, it would have been interface

with one system to another. Now the requirement is changed, you’re going to
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use the ETL tool. When the future projects come along, we have to comply with
that. That actually goes back to the requirements for validation. There's an

anchor for that.”

P6 “Because we have our legacy systems, there's so much that can't be done. We
only have a few people (who) know all of every area of the system, but they
don’t know it at very low level. We often get the case that they think something

can work at a certain way and it turns out it can't. There’s a lot of that.”

At this stage, re-negotiation with the business is often carried out, as illustrated by the

example given by participant P2 below.

P2 “You may not know upfront but there might be a technical limitation. The
server can only handle so many connections for example. So you need to inform
customers, that (original) requirement has ten thousand users. Are you happy to

have less users or do we need to change the design?”

11.4 Validating the Conceptual Model for Requirements Decision
Making

The participants were presented with the conceptual model for requirements decision
making along with the six propositions as described in Section 6.4. Each proposition
has been elaborated by the researcher and participants were asked that whether they
agree with it or have experienced it and whether it would apply in their company.
Meanwhile, the relevant terms in the proposition were clarified along the way. For
instance, the different project profiles * presented earlier in Section 6.4 was
demonstrated as a tool to explain the meaning of project situation, stakeholder
composition and the level of details of requirements. The following section presents the
supporting evidence from the validation study or from the literature and the evidence

are selectively chosen as examples.

11.4.1Supporting Evidence

Proposition 1. The project situation impacts the stakeholder composition.

* The profiles are demonstrated in Table 2 in the interview guidance which can be found in Appendix C.2.
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This proposition was agreed by all participants. In assessing the project situation,
participant P4 elaborated that, not only the breadth of the functionality in terms of the
number of applications affected contributes to the project situation, but also the depth
of change involved within one application, especially if it is a core application. More
BAs can be involved to capture the features and more people for testing for that one

application. Participant P7 also shared this view.

P4 “Say an online channel, there's fairly large ratio of developers to business
people. Sometimes it's not a lot of functionalities. It's not broad; it's narrow. It's

feature-rich within the pillar. It does involve more developers.”

Participant P4 mentioned that the stakeholder compositions would differ between
package-based projects and custom-build projects. Regarding this, participant P10
provided an interesting example he experienced about a package-based project, where
the business had already decided a solution, buying a new product. The product had
also been decided and no customization was needed. As a result, there was no

requirements decision making by any stakeholders. It went straight into configuration.

Similarly, participant P1 and P3 both distinguished business-initiated projects from IT-
initiated projects where the latter would engage more development-side stakeholders.
As participant P1 explained, even an enterprise architect who initiated a large upgrade

of one of their SAP systems had acted as a product owner in the project.

P1 “If it's a business-related project, you have a business-related product owner. It
comes from the business fund, different investment owner and stakeholders. If
we have IT related projects like decommissioning hardware, upgrading software
systems, migrating to new data centers. Then they are technical projects, we do
treat them differently. We staff them differently. We run scrum, but the

product owner would be an 1T-based person than a business-based person.”

For participant 5, however, the ratio of development-side stakeholders to the business-
focused one was quite steady for his organization. The reason for that, as he pointed out,
is that their projects were well controlled by delivering projects in short period of time
to reduce risk and that required the development-side stakeholders to contribute

“greater influence” to requirements decision making.
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P5 “Typically we would bring the implementation engineer, and the business
(stakeholders). For us, unless it's technical feature, (and) that's really not
business-facing, I'd say our ratio of (stakeholders) involvement would typically
be the same... The idea for us is, we are not working on delivering a product in
two years’ time. We are meant to effectively deliver some feature, have some
value in two months’ time. The risk for business is much less. The world is
controlled. And the engineers get to have much greater influence in what's
built.

Proposition 2. The stakeholder composition influences requirements decision

making.

Stakeholders, as a source of information for requirements decisions, would contribute
to requirements decision making through sharing the knowledge they possess. The
literature described in Section 2.3.3 has revealed that. For instance, the controlled
experiment by (Miller et al., 2010) demonstrated that a stakeholder with or without
architectural knowledge would produce different kinds of requirements with different

focuses.

Participant P3 described the various stakeholders’ contribution to requirements decision
making in the bank domain. Generally, different types of requirements would come

from different set of stakeholders.

P3 “The business defines the business requirements, the overall objectives, goals,
what you want to make. Then BA comes along and defines the functional
requirements. The NFRs tend to be elaborated by the architects who would be
engaging with IT stakeholders in the bank. [...] engage with the chief security
officer around security requirements, infrastructure people around storage

requirements. Typically different set of stakeholders for different NFRs.”

Similarly, participant P4 added that having developers engaged is very important for
deciding interfacing requirements, especially when the project is “bringing a new

module in beside the legacy system”.

Additionally, as participant P5 pointed out, having the business-focused stakeholders
and the development-side stakeholders together in one group meeting helps decide
scope and develop requirements details, especially if they are not fully fleshed out.
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Furthermore, participant P4 added that the quality of stakeholders would also influence
requirements decision making. An example is when the architect or the BA is not
strong, a Project Manager (PM) can force to choose some COTS components at an
early stage without considering the technical debt, in order to guarantee the project
delivery date. That choice would then constrain subsequent requirements decision
making. Participant P4 further commented that PM is the most difficult stakeholder to

deal with in his last 15 years’ experience.

P4 “Sometimes | see the PM forcing the architectural decisions (e.g. choice of a
packaged component) to make a date, if the architect is not strong or the BA is
not strong. [...] So time and time again over the last 15 years my most difficult
stakeholder as an architect is bringing the PM along, because they can leverage
their position to say we won't hit the date then they'll choose an architectural

decision.”
Proposition 3. Requirements decisions have different levels of details.

The relevant literature described in Section 2.2.4 has already demonstrated that the

proposition is true. Without surprise, all participants also agreed with it.

Proposition 4. The project situation and the stakeholder composition determine
the level of details of resultant requirements decisions.

When firstly reading this proposition, half of the participants were not sure about it.
The researcher then explained by using the case story examples shown in Table 2 of the
interview guidance. Gradually, the participants were able to express their opinions and

call out relevant examples in their experience.

Participant P2 agreed that a brand new project tends to have higher level requirements

than an enhancement project because of the familiarity of the problem space.

P2 “Generally right, because people are not familiar with the problem space with
brand new projects. And most of the (requirements) decisions being made are
going to be higher level than for an existing project that people know the

domain quite well.”

In participant P6’s experience, he expressed his experience of involving stakeholders
from the business side which resulted in more user interface requirements while

neglecting the essential, higher-level functionality. In the opposite when involving
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developers, their mind is solution-centric, resulting in a strong level of design-focus in

their requirements.

P6 “When you have something with a lot of business involved, and the user
interface get a lot more requirements and attention than the functionality. The
focus tends to be on how interactive it is, how flashy it is. And it's the other way
with developers that we want everything to be working to make sure if

something changes that everything else works fine.”

As Brooks (1987) highlighted, one key to success in software practice lies in people,
e.g. getting great designers. The same spirit has been shared here by participant P2, P3,
P4 and P7. They viewed that getting a strong, good-skilled BA is a key to success in
requirements decision making, especially in managing the level of details in

requirements, no matter what the project situation, e.g. Agile or Waterfall, it is.

P2  “The problem with high level requirements often comes with the customer
themselves (in customer-supplier project situation). But if you have a good BA
involved in that, they would produce detailed requirements and in that scenario,
you can never have too much detail if they know all the requirements. If you get
all the details right, then it's not a problem to have that much detail at all,
because ultimately an architect or a developer would have to design this in their

head or somewhere at that level of detail.”

P3 “I think the clean line between business requirements, functional requirements,

and NFRs would really depend on having an excellent BA.”

P7  “In agile, you don't have a segmented in terms of roles within a project team,
whereas with more traditional methods, you do have more specialized roles and
if you have strong BA who have good BA practitioner background, they know
how to frame requirements in the right way to make sure they focus on

requirements not on solution.”
Proposition 5. The current business/IT environment justifies the business/IT goals.

All participants agreed with this proposition. For some participants they experienced it
to a less extent. For example, participant P2 explained that because his projects were in

customer-supplier situation, a limited, filtered view of the customers’ business or IT

216



environment was given to them by their customer. The same view has been reflected by
participant P6 also working in customer-supplier kind of project situation.

P2 “(Proposition) five and six less though, but one to four for sure. Five and six I
am sure do apply. I've seen them apply. But we would have less insight into the
customers' business/IT goals. [...] all that we would know about their business
Is what they tell us. We wouldn't be sitting in to their business, experiencing

their business. We get a filtered view of what they are.”

P6 “The project with customization is something they needed it right now, it's
going to lead us straight down to project. There was a contract. [...] From my

point of view is to get it done. The business stuff is a layer removed from me.”

Participant P4, P7 and P9 added that, the current business environment also includes
the state of the company’s economy, the competitors and the trend in the marketplace.

They not only justify but also determine what project with which goals to be carried out.

P4 “Sometimes we do something because our competitors are doing it. [...] If the
company is doing well, then they'll invest more. If the economy is not doing

well, they'll spend the minimum.”

P7 “Because of the .com movement, the company decided to form an IT
department 6 years ago (This is an insurance company over 90 years old.)”

Additionally, both participant P4 and P10 highlighted that, goals and decisions can also
be made to remove constraints imposed by the IT environment, e.g. the
implementation context, through introducing a brand new system, either from custom-
built or COTS.

P4 “When | was doing Tesco Mobile®, we have our existing business. If we would
put Tesco mobile on top of O2, it would disrupt that. Then we said let's go for a
brand new territory. When you're heavily innovating or there're a lot of
challengers like FinTech (Financial Technology) or megatech, then the

business environment would overwrite the IT environment.”

P10  “Even though you have your existing environment, you can also step out of it. It

doesn't necessarily fully constrain what you can or cannot do. They (the

> Tesco Mobile is using the O2 network as its carrier in several countries.
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business) can bring in a completely new product. See the example | mentioned

earlier...”

Proposition 6. The current business/IT environment and goals drive requirements

decisions.

All participants agreed with the proposition in general, and some participants had extra
suggestions which will be described in Section 11.4.2.

Participant P5 gave two examples which confirm that the current IT environment
(having ‘smaller machines’) and business/IT goal (‘reusing’ existing ‘login’ technology
and components) would influence requirements decisions, very much by constraining

what can be achieved and how it can be achieved.

P5 “It (the proposition) would fit in for us. For example, two different things would
be moving to virtualized hardware, might change specifications of machines.
We have many smaller machines instead of mature large machines. So that
would impact non-functional requirements. Business goals sometimes like
reusing something like SAML® for windows based login to applications, so that
might define the technical requirements about how you do authentication and

authorisation.”

An understanding of the current business or IT systems would facilitate requirements

decision making in terms of efficiency, as confirmed by participant P2.

P2 “Like one or two projects we integrated with a lot of customers' backend
systems. And not knowing, not understanding their business flows would
seriously end, and did hamper the projects. Important business process

information that is missing would slow us down.”

As mentioned earlier by participant P4, such an understanding would also encourage
reuse of existing systems or components when similar business processes are spotted

out.

Participant P7 suggested that the current business or IT environment also includes
organizational strategies, which would determine the goals for a period of time and

subsequently establish a need for projects and drive requirements decisions as to

® Security Assertion and Markup Language (SAML) is an XML-based data format for exchanging
authentication and authorization data between parties (from WikiPedia).
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“what’s important and what’s not”. She gave an example that the insurance company
used to put a huge focus on the importance of documentation they issued to customers.
Two years ago, it had a new CEO who made new strategic directions with that focus
shifting to “data analysis”, such as “what can the market take” for policies, in order to
increase “premium value”, i.e. cash. With this new focus, requirements decisions
around “what data” and “do we capture that data” became an emphasized and important
concern. Anything else that does not support the current company strategies and goals

will not be implemented.

P7 “We invested a lot time and energy to capture this additional information and
put in systems and places to analyse it better. The client says nothing is different
this year but there is, they are internal. [...] There are still things we could be
doing but they are not supporting company goals this year, then they are not

gonna happen.”

11.4.2 Suggestions

Overall, a common suggestion from participants is that the conceptual model shall be
iterative. For instance, as participant P1 pointed out, the current model indicated a
sequence of ‘events’ whereas in their organization the actual requirements process

would iterate through the model at a high frequency.

P1 “You see the way your diagram (the model) here follows a sequence of events.
But what I do here is, I basically will follow a sequence of events but what | do

will iterate through it at a high frequency.”

This suggestion would be correct in many cases, especially for projects running in
Agile. However, the researcher decided not to change the conceptual model because it

IS proper to describe requirements decision making in a general sense.

Regarding to Proposition 6, participant P3 and P8 both expressed the concern of the
word ‘drive’, which could be changed to ‘influence’ since ‘drive’ to them means
‘leading’. For participant P3, it made more sense to say that ‘stakeholder composition’
drives requirements decisions. Similarly, participant P8 suggested switching the two

words in proposition 2 (‘Influences’) and proposition 6 (‘Drive’). Although the term
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‘drive’ is open to interpretation, the meaning of the overall proposition is accepted and
hence no change was needed to make in the model.

P3 “What's the difference between ‘drive’ and ‘influence’ the requirements
decisions? ‘Drive’ for me suggests that they're actually leading. [...] OK, I think
it's just the language and interpretation thing.”

Furthermore, participant P8 also viewed that both the current business/IT environment
and goals would drive the need of projects, which would further drive the project
situation. This view is correct, and the reason for not having them in the conceptual
model is because that they are not as important for requirements decision making as the
six propositions shown in the model. This model is based on the assumption that a
project is already established and the model captures the key aspects and their
interplays in requirements decision making, which is adequate for understanding the
requirements decision making context. So no changes to the model were needed for this

view.
11.5 Validating Requirements Challenges and Issues

The participants were presented with a list of five requirements challenges facing BAs,
five requirements issues experienced by development-side stakeholders, and two key,
underlying requirements challenges as found in the studied company. Although more
challenges and issues were identified, the researcher purposefully chose them for they
are among the most frequently recognized ones. Moreover, the aim of the validation is
to confirm that whether these significant requirements challenges and issues also exist
in other organizational settings, and it is appropriate and enough to just confirm on
these frequent ones rather than for all. To do so, participants were asked that if they
have experienced these challenges and issues in their companies, and whether they
agreed with the two key challenges, and if not, what was their key requirements

challenge?

11.5.1Supporting evidence

Based on the interviews, experts’ responses to the listed requirements challenges and
issues are outlined in Table 11-2, where “RC 1” corresponds to Requirements

“Challenge 1” in the interview guidance; “IS 1” corresponds to “Issue 1” and so on.
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Additionally, in the table, the symbol ‘v indicates that the experts have experienced
the challenge or issue in their company; ‘O’ indicates that they have experienced it to
some extent but not often; ‘x” indicates that they have not experienced it in their
current company. To note, the questions asked had a focus on experts’ experience in
their current organization, rather than in the past. In doing so, it is to better relate the
challenges and issues to their current project situations and organizational settings.

Table 11-2 Experts’ response to requirements challenges and issues.

RC1| RC2 RC3 RC4 RC5 IS1 IS 2 IS3 IS4 IS5
P1 @) @) x x x x N/A v v v
P2 v v v v O v @) v v v
P3 v v v v v x v v v v
P4 v v v O x v v v v O
P5 v v x x x x x x O x
P6 v v x x v v v v v v
P7 v v v O O v v v v v
P8 v v x v v x O O x O
P9 v v O x O v x v O v
P10 x x x x x x x v O v
No. v 8 8 4 3 3 5 4 8 6 7
No. O 1 1 1 2 3 0 2 1 3 2
No. % 1 1 5 5 4 5 3 1 1 1

Overall, as seen from Table 11-2, it is evident that RC 1 (the thin and uneven spread of
business/application knowledge), RC 2 (difficult to identify (negative) ramifications of
changes), and IS 3 (incompleteness of requirements) are the top three mostly agreed
challenges and issues. The high rate of agreement on RC 1 and RC 2 reflects the
characteristics of enterprise software development in contemporary RE. The
characteristic includes the increasing difficulty and complexity for understanding the
as-is system environment and reasoning about the ramifications of changes. Meanwhile,
RC 3,RC4,RC5,1S 1, and IS 2 are among the least agreed challenges and issues with

no more than five experts supporting each of them. The reasons for the low rate of
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support, as detailed later, mainly originate from the different project situations and

organizational contexts among the different experts’ organizations.

Some supporting examples of quotes from experts for RC 1, RC 2, and IS 3 are listed

below.

P2 [response to RC 2]

P3 [response to RC 1]

P3 [response to RC 2]

P4 [response to RC 1]

P5 [response to RC1]

P7 [response to RC1]

“Challenge 2, definitely, I guess that would be covered

by this unknown unknowns.”

“They (the dedicated BA team) can actually play a
significant role, would not have a heavy dependency on
business involvement. But it's the least business
involvement anyway. And the problem is always that the
business is a day job. Trying to get the right level of
support from the business to support the project is

always an issue for sure.”

“If it's something that's very market facing or consumer
facing, that's extremely challenging to really understand

what's the market reaction or consumer reaction.”

“You know some system in other places I've seen where
they switched off the application because the
knowledge is gone, they don't have expertise. They can't

change it, therefore they put a new system in.”

“Where this would definitely happen is for orphaned or
legacy applications. [...] A senior BA doesn't mean he is

here in the company for 15 year.”

“We get inaccurate or incomplete as-is (business/IT
environment). [..] Somebody says oh we want to be able
to do this but we can't at the moment, and if you take
their word for it, so you go to look at how they might do
it. [...] You send it over to the developer and the
developer found it and go ‘are you well’. That’s already
there.”
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P4 [response to IS 3] “It's around performance, security and sometimes,

regulatory requirements.”
P8 [response to IS 3] “Incompleteness of requirement is a fact of life.”
P10 [response to IS 3] “It is a nightmare.”

Notably, participant P10 disagreed with all of the five requirements challenges. The
reason, as he also pointed out, was that he was in the visa and citizenship application
domain of regulated nature where all the business processes and end-to-end use cases
such as applying for a visa or citizenship were well-defined, and all the systems
involved were a fairly small number around 20 to 25 applications where the interfacing

among them was not complicated.

For participant P1, he did not come across the five challenges that much either, and the
reasons were two: first, he claimed that his organization had very well managed
documentation repository which updated the IT landscape and the documents were
done ‘after the fact’. Second, they kept teams mobilizing across different projects and
working on multiple projects simultaneously, and as time went on the uneven and thin

spread of knowledge was mitigated to some extent.

P1 “We changed the model from historically people go into projects and stay in
that project. What we do now is putting people into long-lived experienced
teams they work on multiple projects. So with that we’re able to see what the
architectural integration impacts are. One project is impact another projects.
Because we don't detach the projects, they are all integrated into one big huge

delivering engine.”

For RC 3 (difficulty to define end-to-end use cases), it was identified from the survey
study (Section 3.4) in the context where projects were usually affecting over 10
existing applications. In the validation study, it was not seen as a requirements
challenge by five participants. Two common reasons have been found for this. First,
use case was not practiced; instead, requirements were defined in small scope of focus
often using user stories or Kanban cards. Second, no matter whether use cases were
used, some organizations controlled their project in a small-size and minimum-impact

manner. The following quotes are good examples reflecting the two points.
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P6 “We [...] often have six applications in a package like that. Even if there's
something having a big impact (having) more applications, we'll try to do it in a
very safe way, try to not have that big impact and minimize that [...] If we have

difficulty of defining that (use case), it would be a strong indicator of risk.”

P1 “If it’s something that's changing existing systems, and looks like going to have
a big impact on our existing systems. Then 9 out of 10 times we are going to
propose alternative which is we'll move you away from the objective of
changing and push you down into a route we'll build a standalone object for

2

you.

Regarding RC 4 and RC 5 concerning stakeholders, different organizations had
different relationships with their business (in-house) or client (customer-supplier)
stakeholders. For instance, for participant P4 who is with in-house development in bank
domain, he found that identifying IT stakeholders was not a problem but identifying the
business ones, for the business was reluctant to take the ownership of changes in their

applications.

P4 “It's the business people we have a problem. [...] Say you buy SAP it's used by
a lot of business departments. Then you make a change to that, nobody wants
to take the responsibility. So you end up having an IT stakeholder for the

business system. That's a common problem in our company.”

Half of experts did not view IS 1 (lack of technical perspective) as a requirement issue.
Two reasons have been found to explain that. First, the organizations for participant P3
and P10 had a well segmented requirements documentation structure, where there were
two separated requirements specifications for business requirements and functional
requirements respectively and a design specification which would contain very
technical requirements such as where the source of data would come from. They
expected no technical perspectives in their requirements documents. Second, the
organizations for participant P1, P5 and P8 had their requirements almost co-developed
with architectural design through a close collaboration between the business and the
development-side stakeholders, sometimes using prototyping. Some examples of

supporting evidence are quoted below.

P3 “A functional document shouldn’t necessarily have a lot of technical detail in

there. [...] Yeah, you have a business requirement specification which comes
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from the business. You have a functional requirements specification which
comes from the BAs, that's what the system would do. Then actually the person
who decides the source of data, is whoever doing the system design that would

go into the design specification.”

P8 “The product owner says | want to solve the problem. [...] he goes to architects,
technical lead to chat on the user stories. [...] (IS 1) It's not an issue... really at

what point of time are you taking this snapshot of this issue?”

Additionally, for IS 3 (incompleteness of requirements), all experts agreed with it as an
issue except participant P5 disagreed. The reason for disagreeing, as he explained, was
that his organization employing the lean methodology had a close collaboration
between the business and the IT to develop requirements in small chunks together.
Additionally, it is well controlled to avoid incompleteness of requirements by

reviewing cards of requirements before starting implementation.

P5 “In sort of lean environment, [...] when the goal is defined and then it broke out
into a number of (Kanban) cards. The engineer and the BA and the business
would sit down to do that piece of work. [...] When we're reviewing the
acceptance criteria (for the cards), if we see things incomplete, we wouldn't start
working on that. That may be painful upfront with the business. But it's an

excellent way of controlling the customers' expectations.”

Notably, regarding to IS 5 (premature solutions in the BRS), participant P4 gave an
example (see quote below) and emphasized that the premature solution could also mean
a requirement solution. If this requirement solution lacks of technical input, then it

could lead to rework eventually, not to mention slowing down the project.

P4 [response to IS 5] “When mobile gaming was first there, you could buy ring tone.
The market said we can pay for that by SMS. People understand the word SMS.
[...] The thing is we spent six months trying to sort out that (design). There's a
better way, for all the old O2 supported a payment, a charge that didn't need to

be a SMS. [...] It's a requirements solution but coming from the business.”

225



The Key, Underlying Challenges

In terms of the underlying, key challenge “the difficulty to identify ramifications of
changes”, to note, even though it is the same as RC 2 in Table 11-2 where there were
nine experts agreeing with it, the question here is different which asks whether this
challenge would be a key, underlying one in participants’ organization. Regarding this,
participant P2, P4, P7, P8 and P9 agreed with it, and additionally they also
acknowledged that this challenge was related to RC 1 — the thin and uneven spread of

business/application knowledge.

Regarding the other key challenge on balancing the level of details in requirements,
only participant P2 and P4 agreed to some extent, stating that it would be a challenge
for big and complex projects when the level of change is significant. However, as the
requirements issue IS 5 — premature solutions in the BRS had been experienced by nine
experts, this indicates that the need to balance the level of details is still valid since
premature solutions represent a level of detail as being of strong design focus in

requirements.

These responses have confirmed that the outlined key, underlying challenges do exist in
other organizational settings, notably balancing the level of details to a less extent
though. Other participants either did not agree and then gave out their own key
challenges or were not sure how to answer the question. The following quotes list some

examples of the answers.

P3 “The sort of challenge 1 would have seen is ultimately making sure the clarity
about who makes the final decision... how'd you mediate and make sure you get

clarity about who takes the final decision.”

P4 “Yes, you have difficulty in finding ramifications of changes and often rushed,

but also the difficulty to communicate the ramifications of changes.”

P5 “The most significant challenge would be, in my recent experience, lack of
technical perspective and the incompleteness of requirements. To me, it’s the

same thing.”

P7 “The biggest problem is that the business comes with the solution rather than

the gap.”
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11.6 Validating the Framework for Identifying ASRs

This validation aimed to confirm whether the ASR Framework makes sense to the
experts. As shown in the validation guidance, the participants were presented with the
ASR Framework through the illustration of Figure 10-1 in addition to a list of nine
statements clarifying the relationship among the five dimensions of the framework. The
researcher went through each of the statement with the participants and asked them if
they agreed with it. If they agreed, the researcher usually asked for one concrete
scenario where that statement applied in the experts’ experience; if not, the reason was
asked. In the course, details on each dimension were elaborated by explaining the
concept and referring to the relevant question related to that dimension where more

details were outlined.

For instance, the first statement involves the dimension of Architecturally Interesting
Concerns (AICs), and for this concept AICs the researcher guided the participants to
look at the fourth question in the validation guideline where there was Table 3 that
outlined a set of AICs types and concrete AICs examples. So, apart from the nine
statements, there are also five questions asking whether the participants would agree
with the detailed content about the four dimensions — the architectural effect, the locus
of influence, the AICs, and the ASR indicators — and with the three propositions on
ASRs (see Section 10.3).

11.6.1Supporting evidence

Overall, from the interviews, the ASR Framework is understandable and making sense

to the experts, as participant P4 commented:

P4 “This model here in page 6, it is nicely broken down. [...] it does make a lot
sense about how you express the indicators, you record the ASR, it's absolutely

having a situation, having an impact on the architecture.”

The nine statements depicting the relationships among ASRs and the five dimensions
were agreed by all participants. The dimensions were also discussed in the course of
reviewing the statements. The supporting evidence for the nine statements will be

imbedded in the following description for validating the dimensions.
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Architectural Effect

To validate the dimension of architectural effect, experts were asked if they agreed with
the four outlined architectural effects in the validation guidance, and if they can think
of any additional ones. In the interviews, all the ten experts agreed with the four

architectural effects. Some supporting quotes are as following:

P3 “They're so high level, they probably cover all the different scenarios | could
think of, (they) could fit in with any of the four categories. It's hard to see what

else.”

P4 “Architectural effect is the actual implementation, the realization of that

requirement. Yes, absolutely I agree with that.”

P9 “You may have to make a decision to remove a product, because the product is
going out of licence or agreement, or you want to do something and that product

can't do it. It used to be able to do something but it can't do it anymore.”

Participant P2 pointed out that there was no mention of deployment, and suggested that
split a component could also be an architectural effect resulting from deployment

considerations. He further gave an example to illustrate that:

P2 “Depending on the requirements, we might say now | need to put a portion of
this component into another machine, suddenly you have a component divided
in two. For example, a customer might say I need a telephone system to support
10,000 users, and it needs to integrate with my existing infrastructure. Then you
ask what is your existing infrastructure, and they say we have an Azure Cloud
with restricted access and you need to deploy your component within our cloud,
we don't accept connections from external data center. Then you go, OK,

straight away, that requirement that they have would drive the change.”
Locus of Influence

This dimension took more time for some experts to understand than other dimensions,
but there was also participant P3 who immediately understood the concept and said

“like sphere of influence, right”.

All the experts agreed with the four loci of influence outlined. Again, as participant P2

commented, “they are general, but they are correct. You could go into a lot more detail

on each of these”. The researcher completely agrees with the comment and it is meant
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to be general so that the ASR Framework can serve as a comprehensive framework to
be applied in different domains. In each domain or for a specific organization, a list of
more concrete loci of influence can be generated within each of the general locus of

influence.

Participant P10 added that the locus of influence could also be infrastructures in
deployment. He gave an example where a security requirement can lead to the creation
of a “higher secure network zone” — an architectural effect if it does not exist before.
This architecture effect embodies that the locus of influence is the secure network zone

—a component in the deployment infrastructure.

P10  “The system has to be deployed in a higher security environment. That then the
locus of influence would be around sort of that higher secure network zone
within your environment. Certainly that would be an architectural effect as well,

because that would be really important where to deploy things.”

In supporting the locus of influence — opening discussions for architecture evaluation or
other AICs, participant P2 explained that some requirements could have a serious
influence on a “well-connected” existing component, and that influence was unwanted
because it may have invalidated some other requirements. Then it will reopen
discussions for either changing the requirements or changing the design.

P2  “Say the locus of influence covered a well-connected component in your system,
it might fundamentally change what you planned. You might have to reopen
discussions with clients or development stakeholders, to discuss your
requirements again. [...] You either don't want to change or the whole
architecture model you're choosing is invalidated by the indicator (e.g.
performance) that you see. You might have to come up with a brand new high

level design.”

Participant P4 also gave an example where the login security requirements opened the

discussions for vendor selection.

P4 “I did a logical security component, but then to have a security login and my
legacy infrastructure is a combination of Windows and Linux, oh for my

security login I need to get from vendor A but for windows, for vendor B which
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is Linux, then I am engaging two vendors. That's ASR. It looks like a security

login, but I might need to go to two separate vendors to do the realization.”

Participant P9 added that the locus of influence may include people in the
organizational structure, viewing that architecture also includes the type of product
selected to create the solution. Participant P9 further explained that this locus of
influence may include that the organization has to retrain the staff or to hire new people.

P9 “Are people within the locus of influence? You can change all of these things
(components, interfaces etc.). But at the end we have people as well... You
have to consider it in terms of what product you select. If we move to this other
product, can we retrain them or do we need to hire new people. That would be

consideration much higher up in chain.”
Architecturally Interesting Concerns (AICs)

To validate AICs, the purpose is to confirm whether experts understand the concept and
whether they would agree with or have experienced the outlined AIC types and
concrete AICs. To achieve this, experts were asked to review Table 3 of the validation

guidance and express their opinions.

All experts understood the concept of AICs. For instance, after hearing the explanation
of AICs by the researcher, participant P2 immediately gave a list of AICs that he cared
most which were capacity, performance and scalability. He also emphasized that this

list would vary depending on the domain.

P2 “Yeah, AICs, | have a list. It depends on the kind of business you are in which
one you hit most often. So for me, the one | would hit most often is the capacity,
performance, scalability that would turn into ASRs when | read the

specification.”

For participant P3, the first AIC came to his mind is security and for participant P4 it is
data protection at the moment which is imposed by the recent General Data Protection
Regulation (GDPR) from the European Union (more details are described later).

P3 “If 1 want to buy a new business intelligent tool tomorrow, the first thing |

would ask is how secure it is.”

P4 “The thing about the AICs, it's definitely about the data protection now.”
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Regarding Variability, participant P2 firstly viewed that requirements concerning
variability would be more implementation detail, such as a requirement about “what
menu items do you want on the screen for this user role verses the administrator role”.
Later on, the researcher asked by giving a more concrete requirement example, “what if
it is variability in communication channels, say support audio, video and other muti-
media”. Then participant P2 responded, “that would be architectural”, and provided an
example in his domain concerning the various data stream protocols they supported. If
a client wanted to carry telephone calls using a certain codec that participant P2’s
organization did not support, then that requirement is an ASR for it would influence
“whether we support out of the box, or whether they have to now pay for us to do a

large development project to support another protocol.”

Regarding Significant Functionality / Quality, participant P3 commented that the type
of AICs — significant functionality / quality is mixed with different types of AICs of
different importance. He emphasized that AICs such as scalability and localization
would be more significant than reporting, because for reporting, only the frequency of
reporting, the volumes of data etc. would be architecturally significant while the layout

of the report would be not.

P3 “If 1 look that list there, I think they're different types mixed in that list, for me,
localization monitoring scalability they are handling certainly things that would
be very significant from architecture point of view. Reporting, the aspects of
reporting, which would be more around, frequency of reporting, the volumes of
data, and things like that. But reporting itself, what it looks like the layout, what
data contained, is more related to the business requirements and functional

requirements.”

Regarding Interfacing, participant P4 gave an example of the various interfacing needs
for different third parties, which not only establish interfacing connections but also lead

to the need of gateway components to control the various versions for interfacing needs.

P4 “Ininterfacing, we have different versions. If I am exposing an API to 3rd party,
then they come in. if | want to add something, the old one still works for the old
people. New people come along on-board, so | have back-ward compatibility
with APIs exposed to it. (in architecture) it means you'll have a gateway that has

versioning within the messaging, say, this comes in version 1 of the messaging,
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then | call this routine, when it's coming in version 2, then | call this new

routine. You don't actually switch off the functionality, it disappears overtime.”

Regarding Contextual Factors, many relevant, specific examples were given by

participants to express their agreement. The following quotes give some examples:

P1 “If you look at from the dimensions of time, capacity, funding, resources being
people, then you have existing systems, if you look those as being underneath
these high level AICs (the previously mentioned time, capacity, etc.) that I'd
view, when | am looking at my world as an architect these are the things i am

looking at.”

P2 “Yeah, projected numbers, even they might even suggest their technology stack.

Is it currently cloud-based, or do they have their own data center.”

P3 “A huge factor is the existing landscape that may have the biggest influence in

terms of your architecture”

Participant P4 added that the health of vendors is a contextual factor that would drive
architectural change. He gave an example where their existing vendor Nortel was

replaced by Ericsson out of that health of vendor consideration.

P4 “You know architectural significance for me is also vendor, their strength in the
market place. When | was in Telefonica, we used to buy our equipment from
Nortel, then Nortel went into financial difficulty. But we saw that early and we
moved to Ericsson. That's a huge swap out, that’s millions. ASR is the health

of the vendor, may be the conceptual business strategy.”

Regarding Early ADDs, they refer to ADDs made in requirements decision making.
There is no surprise that the participants have experienced them. For example, a

common type of early ADDs is technology choices such as using MySQL.
P4 “I can see that. We are going with MySQL.”

Participant P2 further expressed that with ADDs being considered as ASRs, then ASRs
would be a knowledge of relevant past projects.

P2 “ASRs are like a repository of knowledge of previous projects.”
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Regarding Scope, participants agreed that it would be a type of AICs. Participant P2
gave an example of how requirements concerning the deployment region can affect the

architectural design and as a result re-negotiation would be triggered.

P2  “If somebody says that they have to have the deployment inside mainland China,
that causes us a lot of problems in Azure cloud, because Microsoft has a third
party provider within mainland China. So there is a good example of
requirement that would throw us banners, make projects more expensive. We'll
be asking them are you really sure you need something there, or would a server
in HK be OK, do you need something in the general region? or does it has to be
geographically within the country?”

Participant P1 and P4 both expressed that scope can include resource skills. The
availability of skills can affect the choice of technology stack or product to buy. These

considerations are driven from the cost point of view.

P1 “Scope may include the resource skills, which influence the decisions on what

product to purchase.”

P4 “How about skill sense, the availability of skills, the skills to deploy? That's
significant for me, we have that in the past, where we buy this product, then we
find it difficult in the Irish market to get the skills but it's well-known elsewhere,
and it becomes expensive. If I've known that, I may have chosen a less
sophisticated product but I know I can get people to do it. So, my concern can
be, can i get people and vendor, if it's a proprietary will that vendor be available.
But if it's open source, do | have the skill to do a security check?”

Regarding Compliance, participant P4 gave an example of the recent enforcement of
the General Data Protection Regulation (GDPR) which asks to strengthen and unify
data protection for all individuals within the European Union. To comply with this
regulation, it triggers a large amount of decision making on ASRs and architectural
design across multiple legacy systems within the organization. For example, decisions
have to be made around what information to log and how to trace and unify the

information within their huge legacy systems,

P4 “You need to check with the security people to say, do you need to log that.
Significantly for me, | said if you record that information, then | would store
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somewhere, then it's got personally identifiable information which has an
impact on the GDPR... Then that's become an ASR for me. It's not just logging
it... So here in the bank we have our online environment, banking system, CRM
system, our email (system). When you ring us up, we record the call... We text
you (a) notification to your phone. If there's a dispute, so it's our legal systems.
We might send you a fax, you send us a document, proof again, document of
archive. Even your IP address that identifies you is included, how do you do it
retrospectively because we have a huge legacy. You've heard of the year 2000

problem... that problem was small compared to GDPR.”
Context

The dimension context of the ASR Framework got discussed when looking at the
statement 5 - The context may impact the architectural effect of a requirement. All

participants agreed with the statement and gave supportive examples to elaborate it.

Participant P2 gave an example that the context concerning the number of active
users for a system would affect the architectural effect of performance or scalability
requirements, for he would suggest different solutions for a system with a small

number of users and a large number one.

Participant P4 gave another two examples: context of use as in different domains —
bank payment system vs. CRM for marketing or campaign - that would affect the
architectural significance of resilience quality requirements; context of development —
development environment vs. production environment where the latter asks for a better

architectural design for satisfying the performance requirements.

P4 “If you have a DB, it has to be robust and fault tolerant, which we need for the
bank for the payment. But if you run the same DB for CRM like campaign or

marketing. It's still an Oracle DB but it doesn't need to be resilient”

P4 “Say something for performance it's in development environment, that's not an

issue. But if it's going into production, that's then becomes significant.”
ASRs Indicator

Participant P2 confirmed that as an architect he would look out for certain indicators
that highlight the AICs that he cared, such as the appearance of the number of users, the

customer’s existing implementation context in terms of technology stack (e.g.
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Microsoft .NET), platform (e.g. cloud-based) and data centre etc. Some supportive
quotes about the ASRs indicators are listed below:

P2 “I would know a set of indicators that would highlight the interesting concerns.
[...] projected numbers (of users), even they (clients) might even suggest their
technology stack. Is it currently cloud-based, or do they have their own data
center. These kinds of things I'd be looking out”

P2 “I almost never worked on a project that doesn't have at least two systems. [...]

so you'll always have that ASRs indicator in a real world project.”

P3 “What you have around the AICs could kind of fit into the ASRs indicators. ...
if there's standards mentioned, regulatory requirements... if you look at these
AICs and think how they might be represented in requirements, you'll see that

actually could be indicators.”

P4 “Oh, yeah, absolutely. Things like performance, type of users, localization...
Specific terms alert you. [...] Involving at least two systems, might be, say, key

components in core application then that’s significant as well.”
Levels of ASRs

At the end of validating the ASR Framework, three propositions of the levels of ASRs
were discussed. Overall, all participants agreed with the propositions. For the third
proposition — For minor ASRs, they are more likely to be context-dependent ASRs,

some experts took more time to understand it.

Participant P10 commented that some enterprise-level ASRs are not limited to
enterprise architecture, because they can define some architectural patterns that could
have impact on lower-level architecture. Participant P9 shared the same view and added

that the enterprise-level decisions tended to be made more upfront.
Some supportive quotes are below:

P3 “If you have an availability requirement, in order to meet that requirement, say
always available. An architect sees that they're gonna jump up, because the
implication of that they need to architect a clustered high availability
architecture which has not only implications in terms of the infrastructure, a
clustered environment across all the different application layers, (but also) how
you design even at the component level within the application. So that has
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impact right across a broad, very significant. Where some might be more
isolated might impact one particular layer of architecture, or doesn't have a
knock-on impact of the functional design or component design. There's

definitely different degree.”

P3 “Reporting might be very significant in a highly regulated environment. For

audit requirements etc. in other context may not be so significant.”

P3 “An example may be the accessibility requirement, say for a product company
who maybe providing web based track forum. For a particular market segment
into corporate customers, accessibility might not be important, but then into
maybe educational customers or public sector customers, accessibility would be
very important, because public sector would have accessibility guideline that

need to be met. It’s all about inclusion and diversity.”

P4 “we decided that we wanted to do the compliance reporting because it does the
data lineage. We don't care what the format is but the calculations have to sit

within the data lineage perspective.”

P9 “You may want to have a business intelligent tool that allows us to make
decisions with our data, then that's a profound change, you are going to have
people who are experts in using these tools. In terms of scale...enterprise-level
decisions are decided more upfront... but they have to be based on some
business requirements, also on a respect for the impact that could happen further

down on the line, because you can buy a product that no one is going to use it.”
11.7 Discussion

This validation study aims to confirm the findings through experts’ interviews.

Regarding the findings on architects’ influence on requirements decision making, it has
been confirmed that the four influences (constraining, shaping, ratifying and refining)
from the four phases (project proposal, requirements elicitation, requirements
validation and architecting) are valid in most of the experts’ organizations. Variations
of influence have been found around the first two phases. In three of the organizations,
the architects” influence is more on presenting alternatives or de-scoping than

constraining during the project proposal phase. In one of the organizations, the
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architects’ influence is in a more direct manner as defining NFRs rather than shaping
during the requirements elicitation phase. These variations are minor which would not

lead to a revision of the existing findings.

Regarding the findings on the conceptual model of requirements decision making,
experts have confirmed that they agreed with the six propositions in general. Variations
mainly occurred with proposition 5, where two experts expressed that they experienced
it to a lesser extent due to the customer-supplier project situation they were in.
Furthermore, another two experts added that the current business/IT environment can
also be overwritten by introducing new systems and decommissioning legacy ones. In
this way, the goal is to remove constraints which could originate from organizational
strategies. Therefore, a minor change in response to this feedback would be to add

organizational strategies into the definition of the “current business/IT environment”.

Regarding the findings on requirements challenges and issues, as seen from Table 11-2,
it is evident that all of them do occur in other organizational settings, some to a greater
extent and some less. Two most widely occurring challenges are the thin and uneven
spread of business/application knowledge and the difficulty to identify ramifications of
changes. Half of the experts agreed with the latter challenge being a key, underlying
one. Two most widely occurring issues are the incompleteness of requirements and
premature solutions in the requirements specification. Notably, the premature solutions
do not necessarily indicate just technical solutions. As pointed out by two experts, they
can also be requirements solutions that are enforced and already decided by the
business, while better alternative requirements solutions remain unexplored. It is
expected that different organizations would have different set of requirements
challenges and issues. Still, the validation results positively proved that
recommendations made to the studied company would also be applicable to other

organizational settings to a considerable extent.

Regarding the findings on the ASR Framework, it has been confirmed that the
framework and the five dimensions make sense to the experts. There are additional
architectural effect, locus of influence and AICs being suggested by the experts, which
do not change the essential framework but would add extra detailed content to it. There

are also AICs where the experts cannot think of relevant examples in their experience.
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It is expected as the findings are derived from specific domains and the researcher
would expect that other concrete AICs and even types exist in other domains.

11.8 Threats to Validity

In empirical software engineering research, considering and analysing the threats to
validity is important for improving and judging the research quality (Feldt and
Magazinius, 2010). Measuring the threats to validity in this type of research often
focuses on external validity and internal validity (Feldt and Magazinius, 2010; Galster
etal., 2013).

11.8.1 External Validity

External validity, also referred as ‘generalizability’ by some researchers, addresses
questions such as “can we generalize our results”, and “do the results apply in other
contexts” (Feldt and Magazinius, 2010).

In the validation study, the number of experts was limited to ten. Even though more
experts are available for further validation interviews, ten is considered appropriate to
provide sufficient feedback. Moreover, as most of the interviewed experts are very
experienced in both requirements and architecture and have worked in various domains
and organizations in their professional life, their feedback has already provided rich
insights from a wide range of perspectives. Additionally, as the goal for the validation
study is to confirm whether the findings apply in other organizational settings, the wide

variation of the engaged experts is sufficient for that goal.

Furthermore, the selected experts were recruited through the researcher’s supervisors’
personal network, which gave the risk that the experts might intentionally offer biased
answers to support the researcher’s work. However, this risk was mitigated by further
querying the experts to give concrete examples in their experience to support their
positive answers. Moreover, reasons for one finding not fitting in their organization
were also asked. In this way, ten interviews with an average duration of one hour and
40 minutes were recorded, offering very rich evidence that increased the validity of the

study.

Another limitation of the validation study is that an introduction to this thesis research

and an interview guidance containing the findings to validate and relevant questions
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had been sent to the experts before the interview. It can be questioned that the
participants may have prepared themselves and give filtered answers so that they can
say what they wanted to say — e.g. they might not want to say bad things about their
organization. Participant P7 did make several pages of notes about her answers.
However, the researcher considers it as a reasonable approach, because this study
consists of a variety of findings, and having experts reviewing them beforehand would
benefit each other in terms of shortening the interview time since most of the experts
are of senior roles, e.g. chief solution architect, in their organization whose time is
valuable and scarce. Moreover, it is ethical to send the information because they also
wanted to know what they would be asked for. Additionally, after reviewing the
questions in advance and not rejecting to participate, it implicitly confirms that they

have the relevant experience and knowledge to answer them.

11.8.2 Internal Validity

Internal validity addresses how well a study is conducted. The participant observation
study, the survey study, and the grounded theory study were conducted within one
organizational setting. Therefore, a good understanding of the organization is important.
Regarding this, the researcher had embedded herself in the studied environment for a
long enough period of time — one year in total. A rich, descriptive analysis of the IT

department of the company at the time was derived.

During the one-year period of time, a rich set of data was also collected for the three
studies. Different methods were employed for data collection, such as observing
practitioners’ workshops, meeting (formally) and having conversations (informally)
with practitioners, collecting project-related requirements and architecture documents,
survey through emails, and interviewing. Furthermore, a wide range of practitioners
were involved in the studies, giving insights from different perspectives. For instance,
three types — BAs, technical leads, and quality assurance experts were engaged for the
survey study; architects from both the IT department and the R&D department were
engaged for the grounded theory study. As a result, a variety of data having different
sources and formats were collected, offering a rich set of information for analysis. One
of the resultant findings — the stakeholders’ contribution pattern for requirements
decision making has been presented to four BAs of the company, and they provided

feedback and confirmed that it matched their experience.
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Chapter 12 Recommendations and Conclusion

This chapter reviews the research objectives of the thesis and presents the
recommendations for practitioners towards how to improve requirements decision
making through ASRs. Furthermore, it clarifies the contributions of this thesis study,

and sets out future work.
12.1 Review of Research Objectives

As described in Section 1.2 the thesis is driven by this main problem: the lack of
support towards improving requirements decision making through considering
the role of architecture, in the context of increasing intertwining between
requirements and design in the contemporary RE environment. To integrate the
consideration of architecture into requirements decision making, the notion of
Architecturally Significant Requirements (ASRs) is proposed as a sweet spot.
Therefore, the ultimate objective of the thesis is to offer recommendations in improving
requirements decision making through introducing and leveraging the concept of ASRs.

To achieve this, four research questions were derived.

The first research question aims to capture and provide an understanding of the
requirements decision making process, with an emphasis on the role of stakeholders
and the implementation context as suggested by one of four principles for
contemporary requirements processes — “intertwining of requirements with
implementation and organizational contexts” (Jarke et al., 2011). The research question

asks “How are requirements decisions made in enterprise software development?”

The second research question aims to reveal the specific requirements challenges and
issues facing practitioners in addition to opportunities that practitioners identify for
mitigating these challenges and issues. The reason for investigating this question is to
confirm whether ASRs can serve as a solution to address those challenges and issues
and further pinpoint directions where ASRs can be incorporated in requirements
decision making. Then this research question asks “What are the requirements
challenges and issues facing practitioners as well as opportunities for

improvement?”
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As no comprehensive knowledge of ASRs can be found in the literature, then the third
research question aims to generate a practical theory to define and identify ASRs.
Having this knowledge is essential to facilitate the introduction of ASRs into
requirements decision making. Then this research question asks “How to identify
ASRs?”

With the first three questions having being addressed, the thesis lays out the foundation
to ask the fourth and the last question: “How to use findings from the previous
questions to improve requirements decision making?” The objective is to offer
recommendations in improving requirements decision making through introducing and

leveraging the concept of ASRs.

At this point, the first three research questions have already been addressed in Part Two
and Part Three of the thesis and the resultant findings have been validated in Chapter

11. It is time to answer the fourth question which is presented in the next section.

12.2 Recommendations for Practice

As revealed from the survey study in conjunction with the validation study, the
difficulty to identify ramifications of changes can originate from the inherent,
increasing complexity of systems. Furthermore, it can also come from, technically, the
lack of a holistic knowledge of the IT systems landscape due to their dynamic evolution.
These two difficulties have been highlighted recently by the editors Jarke and Lyytinen
(2015) in a special issue on “Complexity of Software Evolution: Requirements
Engineering Perspective”. The editors emphasized the changing nature of complexity in
contemporary RE, which has been shifting from static, internal complexity (e.g.
engineering individual systems from scratch) into an external, dynamic one (e.g.
enhancing or adjusting multiple interconnected, existing software systems and
components) (Jarke and Lyytinen, 2015).

One specific source of complexity and meanwhile a feature of contemporary RE is
“Variance”, i.e. the “variation in the design scope and consequences of the requirement
pool and the heterogeneity of design components involved” (Jarke and Lyytinen, 2015).
This complexity focuses on the interplay between requirements and architecture; and
the architecture could be components from the existing implementation context or

COTS components that are available from the marketplace. Furthermore, this
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“Variance” complexity also implies that the implementation context and the cross-
influence between requirements and design, especially architectural design, have to be

considered in the requirements process.

This research is timely to address the dynamic, external complexity of contemporary
RE through understanding the requirements decision making context and introducing
ASRs into the decision making. With all these being said, the following

recommendations are suggested.

Recommendation 1. Requirement solutions that are architectural (ASRs) should
be made with the agreement of architects. With the increasing intertwining
between the business processes and the existing IT systems, there are so many ways
of achieving a goal (i.e. variation in the design scope) through integrating with and
enhancing different systems or buying COTS. In this context, a requirement
decision may be made in conflict with the “design components involved”. This is
an issue of “lack of technical perspectives”. Regarding this, the recommended
practice is to engage architects or technical leads when it comes to make
requirements solutions (i.e. ASRSs) that are architectural.

Recommendation 2. Architectural Design Decisions (ADDs) should be allowed
and even encouraged to be made in requirements decision making, while those
that are not architectural should be avoided; and the ADDs should be made
with the agreement of architects. This recommendation serves the purpose to
balance the level of details in requirements. For architects to make ADDs or to
agree with ADDs made by other stakeholders, it imposes architectural consideration
in requirements decision making, which is exactly the way for contemporary RE
where architecture helps stabilize requirements.

Recommendation 3. Organizations should identify their own ASRs specific to
their domain and to their organization, and establish their ASRs knowledge
repository in light of the ASR Framework. The knowledge could come from
architects in an organization who can build a ASRs knowledge repository based on
the ASR Framework, and pass relevant part of the repository to those key roles so
that they can be informed and trained for their new responsibility.

Recommendation 4. Organizations should assign roles of responsibility for ASRs
in requirements decision making to pay particular attention to potential ASRs
that come to them or relate to them. The researcher suggests the BAs and the
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architects to fill this role, where the BAs only take responsibility within the
requirements decision making process, while the architects take responsibility

outside of that process, e.g. the project proposal and architecting phase.

It has been validated that the conceptual model for requirements decision making as
described in Section 6.4 is general enough to be applied in other organizational settings.
The validation study (Section 3.6) demonstrates that different organizations have
different contexts in terms of such as the project situations, the organizational strategies,
and implementation contexts (e.g. the current IT landscape in terms of existing

technology stack and legacy systems etc.).

The observation study (Section 3.3) also demonstrates that even within the same
organization there are also different kinds of project situations which result in different
characteristics of stakeholder compositions and levels of details in requirements.

Therefore, the following recommendations are suggested.

Recommendation 5. For organizations to incorporate ASRs in their requirements
process, they should understand their own, specific requirements decision
making context, by providing a detailed portrayal of the aspects outlined in the
conceptual model. This portrayal would be a valuable knowledge repository for
requirements-decision makers (stakeholders), BAs in particular. Moreover, it can
serve as a point of reference to benchmark the expectation in terms of the level of
details in requirements. For example, a mapping between the expected level of
details in requirements and the project situation can be defined in an organization.
In this way, the BAs can in turn be more informed of what stakeholders to invite to
requirements workshops and what decisions can be discussed and made in the
requirements process.

Recommendation 6. ASRs in every project should be documented and managed
as projects go on to build traceability throughout the life of a software system
so that the software evolution can be guided by consulting the history of its
ASRs. A positive transition that links the evolution path is: the ASRs in a project
would lead to a set of ADDs, and then that set of ADDs would become ASRs
(architectural constraints from the implementation context) for the next relevant
project. To note, the latter ASRs do not always stay valid because one can decide to

remove constraints by decommissioning the existing system.
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12.3 Contributions

Table 12-1 Mapping between the research questions and answers

Research Question Answer Reference
RQ 1: How are A stakeholder contribution pattern is derived as a | Section 6.2
requirements decisions | framework describing how requirements decisions
made in enterprise are made from stakeholders’ viewpoint. By capturing
software development? | the five dimensions — Who, What, How, When and

Why — it portrays a detailed picture of requirements
decision making within an organization.
A comprehensive understanding of architects’ | Section 6.3
influence on requirements decision making is
derived, including constraining, shaping, ratifying
and refining.
A conceptual model for requirements decision | Section 6.4
making is developed providing an integrated view of
how requirements decisions are made in enterprise
software development environment.
RQ 2: What are the 11 requirements challenges, 9 requirements issues | Chapter 7
requirements and 13 requirements opportunities were identified.
challenges and issues Furthermore, two key, underlying challenges were
facing practitioners as also identified.
well as opportunities
for improvement?
RQ 3: How to identify The ASR Framework encompassing five dimensions | Section 10.1
architecturally is developed which provides a comprehensive
significant theory to define and identify ASRs. Furthermore,
requirements? three propositions on ASRs are also proposed.
RQ 4. How to use Six recommendations for requirements decision | Section 12.2

findings from the
previous questions to
improve requirements
decision making?

making through ASRs are proposed for industrial
requirements practices.

Using enterprise software development as the principal research context, this study

employed a mixed research methods approach to investigate how to improve

requirements decision making through ASRs. In light of the research questions and

objectives described in Section 12.1, this study makes six contributions, as summarized

in Table 12-1.
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12.3.14 Stakeholder Contribution Pattern in Requirements Decision
Making

On the grounds that previous research has paid limited attention to the contribution of
stakeholders, especially development-side stakeholders in requirements decision
making, this research enriches this understanding by describing a stakeholders’
contribution pattern represented in a framework of five dimensions — who, what, how,

when, and why. Section 6.2 details this contribution.

12.3.2 Architects’ Influence on Requirements Decision Making

The literature has offered some insights on the role of architecture in requirements
engineering and on architects’ view on NFRs, but has not yet offered a broader view of
architects’ influence on the overall requirements decision making. This study fills that
gap by providing a holistic picture of how architects would influence requirements
decision making, supported by empirical evidence. Section 6.3 describes the

contribution.

12.3.3 4 Conceptual Model for Requirements Decision Making

This research develops a conceptual model of how requirements decisions are made in
enterprise software development, based on an analysis of rich empirical data obtained
from participant observation. In the model, the role of project situation, stakeholders
and goals as within the organizational context and the role of implementation context in
terms of the existing business and IT environment are stressed. Furthermore, the level
of detail as one important aspect in the model portrays a more integrated requirements
process where requirements decisions are not limited to the problem space. Instead,
with the level of detail having a strong design focus, requirements decisions can
sometimes be architectural design decisions. In this way, it is in fact encouraging the
co-development of requirements and architecture. This contribution is elaborated in
Section 6.4.

12.3.4 Empirical Evidence for Requirements Challenges and Issues

In the specific context of enterprise software development where projects usually affect

multiple applications, this research offers a set of empirically derived requirements
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issues, challenges and opportunities. Compared to the previous literature, they further
demonstrate that the contemporary RE environment has been changing. The empirical

evidence is described in Chapter 1.

12.3.5 The ASR Framework

Given that no comprehensive theory concerning ASRs is provided in the existing
literature, this research fills this gap by developing a comprehensive theory mainly
represented by the ASR Framework to define and identify ASRs. This framework
advances the understanding of ASRs. The overall ASR Framework is firstly described
in Section 10.1.

12.3.6 Recommendations for Requirements Decision Making through ASRs

To accommodate the increasing intertwining between requirements and architecture as
well as to address the critical issue of the centrality of architecture in contemporary RE,
this research offers a set of recommendations for improving requirements decision
making, through leveraging the concept of ASRs. This is a first attempt at bringing in
the role of architecture into the RE process through the lens of ASRs and an attempt to
shift the focus of RE from user-centric requirements to architecturally significant

requirements. The recommendations are introduced in Section 12.2.
12.4 Reflections

The driving motivation of the research comes from the changing contemporary RE.
There are two facts as well as principles standing out, namely the increasing
intertwining of requirements with organizational and implementation context, and the
centrality of architecture in requirements (Jarke et al., 2011). Driven by these two facts,
a research objective was formulated for improving requirements decision making
through ASRs. Moreover, the key supporting study for the changing contemporary RE
environment was conducted by Hansen et al. (2009) in large-scale enterprise software
development. On this basis, therefore, enterprise software development is the

appropriate study environment for this research.

If the target system is not an enterprise system, for instance Cyber-Physical Production

Systems (CPPS), the research findings are still of value, especially the ASR Framework
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and the recommendations for practitioners. CPPS are integrated systems of
computation and physical processes, encompassing “autonomous and cooperative

elements and sub-systems” (Monostori, 2014).

To understand, develop and evolve such complex, large-scale systems, identifying and
managing the ASRs and then designing good architecture are appropriate means to
manage the complexity. As Monostori (2014) pointed out, novel reference architectures
are needed for CPPS. For any system in any domain, if there is architecture, there is a
set of ASRs for that architecture. At the moment, CPPS is still in its early stage without
many legacy systems that might constrain the requirements. If practitioners can follow
the recommendations in Section 12.2, e.g. pay particular attention to the ASRs of the
CPPS they are building, it will benefit the practitioners in the long term. For instance,
they can understand their systems better by consulting the evolution history of the

ASRs that their systems are based on.

When systems are large-scale and complex or become so, such as the SAP enterprise
resource planning systems, “the thin and uneven spread” of business/IT knowledge
becomes a challenge as discussed in Chapter 1. This challenge is a cognitive issue at
the individual level which would have impact on requirements decision making at the
team level (Curtis et al., 1988). Without a clear understanding of the problem space due
to inadequate business/IT knowledge, one cannot come up with correct requirements
decisions/solutions for the problem, for s/he is unlikely to know what requirements
solutions are available. However, this research is about requirements decision making
in the large. When investigating that how requirements decisions are made, the
researcher had no access to the cognitive process of any individual stakeholder. That is
also out of scope for this research. While outside the scope of the thesis, there is a need
for more research to be done on the complex cognitive processes that affect design as
noted by Tang et al. (2010), in particular the processes involved in the constraining,
shaping, ratifying and refining of Architecturally Significant Requirements that have

been uncovered in this thesis.
12.5 Future Work
12.5.1 Application of the ASR Framework

Two avenues of future work regarding the ASR Framework are identified.
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First, since the ASR Framework is general and abstract, it can be applied within a
specific domain, a specific organization or even a specific project. Context as one
important dimension of the framework justifies the usefulness of instantiation, because
the context, be it a specific domain, an organization or a project situation, would affect
what requirements are architectural. This work can be conducted by studying some
well-documented open source software development projects and then instantiating
each dimension of the ASR Framework with more concrete details. In this way, the
most important requirements knowledge and design knowledge are captured in the

instantiation and the framework can be evaluated in the process.

Second, how to establish and manage the connections among different sets of ASRs in
different releases of one system is left for future work. This concerns how the ASRs

Framework can be used to guide software evolution and build traceability.

12.5.2 Evaluation of Recommendations

The six recommendations described above are left to future work.

Regarding to Recommendation 1 and Recommendation 2, they have in fact already
been implicitly practised in many organizations, to some extent. For instance, some
strategic decisions to go for a particular COTS component or for a cloud solution are

architectural and often made before the design starts.

To evaluate Recommendation 3 and Recommendation 6, the previous Section 12.5.1

has already offered some thoughts.

To evaluate Recommendation 4 and Recommendation 5, an empirical case study within
an organization might be the best approach. However, before conducting the case study,
more concrete development around the recommendations is needed. In fact, since the
researcher has adequate data about the studied company, a pilot study for developing
the recommendations may begin with the studied company.
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Appendix A. Questionnaires for Interviews and

Survey

This appendix contains a set of questionnaires used for the interviews (Section 3.5) and

the survey (Section 3.4).
A.l. Questionnaire A

1. Users shall have one of two roles that the application must be aware of: a) Internal

Company Associate b) Customer

2. Under normal conditions, refreshing the system’s data (links, interactions etc.) shall

not require a system restart.

3. The web-service should perform all the processing in a single call, sending the

complete call definition and receiving a single response.

4. It must be possible to scale the deployment from an initial 100 geographically
dispersed user desktops to 10,000 without an increase in effort/cost for installation

and configuration.

5. Queries for Productld validations that have failed shall be retried six times at an
interval of a minute. If the query has failed after the retry, then the alarm and the

response from the query shall be logged.

6. The application shall start back-off when the application has network connectivity

but fail to connect to the server.

7. In order to avoid truncation, the total number of characters collected as part of the

trouble description shall not exceed 900.

8. While the application is in the background (i.e. not ended), the messaging service

shall continue to live and operate.

9. Divide the work according to the geographical team distribution so that the teams

would be as independent as possible.
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10.

11.

12.

13.

14.

15.

16.

Interfaces delivered to third party applications shall be expressed independent of
programming language (i.e. shall support WSDL). Implementation of services must

be distributable across the network.

The application shall allow users to handover an active call from cellular network to
Wi-Fi. Once handover to Wi-Fi is complete, the cellular call must be dropped

automatically.

Visibility of system status: The system should always keep users informed about

what is going on through appropriate feedback within reasonable time.

In general this should be global approach. Don’t preclude countries. The tool set

shall support:

e Multiple countries.

e In-county currencies. (Initial potential countries for introduction are US,
Canada.)

e Compute correct taxes.
e Multiple languages for user interface.

o Selling restrictions for specific countries.

Pages need to be in English and French for  Canada
NOTE: Additional languages will be required when expanded globally

Users accessing Avayalive from a Partner portal/banner etc. must be tagged
accordingly to provide the Partner with the appropriate commission for the sale.
Today we use Linkshare to support in the affiliate program; another possible vendor

could be explored.

The ‘middleware’ system will create a SAP idoc file (order type= SD or FD —

meaning free of charge, no billing) & transmit it to SAP-I (systematic).
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A.2. Questionnaire B

This questionnaire is a revised one based on Questionnaire A, with six requirements

being replaced with new ones. The six requirements are No. 2, 4, 7, 10, 12, and 13.

1.

Users shall have one of two roles that the application must be aware of: a) Internal

Company Associate b) Customer

Unified Desktop will comply with the Common Logging and SNMP MIB specified
in the CECs. Responsibility for any logging and/or SNMP management of the
hardware or any ancillary software including the operating system, database, OS or
Web Servers will fall to System Manager or the customers Network Management

solution of choice.

The web-service should perform all the processing in a single call, sending the

complete call definition and receiving a single response.

For this release the SDK will only be available for internal [A-company] use; it will

be exposed for Partner and Customer consumption in a subsequent release.

Queries for Productld validations that have failed shall be retried six times at an
interval of a minute. If the query has failed after the retry, then the alarm and the
response from the query shall be logged.

The application shall start back-off when the application has network connectivity

but fail to connect to the server.

Unified Desktop will support an agent’s handling of multiple simultaneous voice
and multimedia work items when the work is assigned by a solution that supports

blending.

While the application is in the background (i.e. not ended), the messaging service

shall continue to live and operate.

Divide the work according to the geographical team distribution so that the teams

would be as independent as possible.

10. The tool set shall provide reporting interface and analytics capabilities to be able to

follow-up with customers for e.g. and renewals.
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11.

12.

13.

14.

15.

16.

The application shall allow users to handover an active call from cellular network to
Wi-Fi. Once handover to Wi-Fi is complete, the cellular call must be dropped

automatically.

Landing page should offer a Login feature for returning customers. User should be

able to get support for their User ID and Password if they have forgotten either.

SAP will add eCommerce to the Company 2 field to identify these accounts as

eCommerce accounts.

Pages need to be in English and French for Canada

NOTE: Additional languages will be required when expanded globally

Users accessing Avayalive from a Partner portal/banner etc. must be tagged
accordingly to provide the Partner with the appropriate commission for the sale.
Today we use Linkshare to support in the affiliate program; another possible vendor

could be explored.

The ‘middleware’ system will create a SAP idoc file (order type= SD or FD —

meaning free of charge, no billing) & transmit it to SAP-I (systematic).
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A.3. An example: the questionnaire answered by participant A1

/Q;ckMJ 0’sl\awgfmﬁs;j . 2015-05725.

Architecturally Significant Requirement {ASR) or not?

Requirement Decisions ASR? (x /V)

1. Users shall have one of two roles that the application must be aware of: a) Internal Company
Associate b) Customer

2. Under normal conditions, refreshing the system's data (links, interactions etc.) shall not
require a system restart.

\

3. The web-service should perform all the processing in a single call, sending the complete call
defimition and receiving a single response. ;

N
4. Itmust be possible to scale the deployment from an initidl 100 géographically dispersed user
desktops to 10,000 without an increase in effort/cost for installation and configuration.

5. Queries for Productld validations that have failed shall be retried six times at an interval of a
minute. [f the query has failed after the retry, then the alarm and the response from the query

shall be logged.
6. The application shall start Wﬂwhen the appl tion has netw con ectjvity but fail to -
connect to the server. f % ;&M(p \

7. In order to avoid truncation, the total number of characters collected as part of the trouble
description shall not exceed 900.

8. While the application is in the background (i.e. not ended), the messaging service s&l/
continue to live and operate. :

9. Divide the work according to the geographical team distribution so that the teams would be as

independent as possible. )
UA&_}_Q/WU( %

10. Interfaces delivered to third party applications shall be expressed independent of programming
language (i.e. shall all support WS_D_l_.) Implementation of services must be distribifable across
the network. 7=

i/

1 1. The application shall allow users to handover an active call from cellular network to Wi-Fi.
Once handover to Wi-Fi is complete, the cellular call must be dropped automatically.

12. Visibility of system status: The system should always keep users informed about what is going A~
on through appropriate feedback within reasonable time. L

13. In general this should be global approm:h Don’t preclude countries. The tool set shall support: | _ @ \___ m,
. Myﬁlpl_e_@unnms An uages for user interface. A
= B> NS

In-county c'nzncws.-(lnitial potential countries for introduction are US, Canada.)

=2 L N
" Compute comect axes, P8 |
o Selling restnctlons for speﬂﬁc countries.
s b s

14. Pages need to be in English and French for Canada {/
NOTE: Additional languages will be required when expanded globally #

15. Users accessing Avayalive from a Partner portal/banner etc. must be tagged accordingly to
provide the Partner with the appropriate commission for the sale. Today we use Linkshare to Too ,_-,Fa;‘c;,_ -l-,vique
support in the affiliate program; another possible vendor could be explored.

charge, no billing) & transmit it to SAP-I (systematic) .mc"‘""

app shall senda m3 o SAP
Ff ~ i

16. The ‘middleware’ system will create a SAP idoc file (order type= SD or FD — meaning free of 6/ ]
a
(-
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Appendix B. Evidence of Analysis

B.1. Comparison of ASRs interview answers

Table B-1 presents a comparison of all answers from the ASRs interviews described in
Chapter 9. In the table, “\” indicates a yes answer, i.e. architecturally significant, “>” for no,
and “No answer” indicates that participants did not provide an answer or were not sure about

the answer. The requirement No. highlighted in red means that this requirement in

Questionnaire A is replaced by a new requirement in Questionnaire B.

Table B-1 Comparison of ASRs interview answers

Participants' years of professional experience and answers

Requirement | jgurs A2 | 24yrs, A1 | 17yrs, A3 | 17yrs, Ad 17yrs,
No. in the % of A5
uestionnaire
q IT tech IT tech IT tech R&D agreement R&D
lead lead lead team team
lead lead
1 N < existingx N 05 <
newv )
2 x x x x 1 N
3 exmtm\g/gx J < J 0.5 g
new
4 v v v v 1 x
5 v x x x 0.8 x
6 \ N No answer \ 0.6 x
7 x < x x 1 ~
8 v y v y 1 Vi
9 x x N \/ 0.6 v
10 N x \ N 0.75 N
11 \ x No answer v 0.6 v
12 v v v v 1 x
13 v v v v 1 <
14 v v v v 1 v
15 \ No \ No 0.6 v
answer answer
No
16 \ \ v answer 0.8 \
o =1
(% of agreement is calculated by: the largest No. of agreed I\i(:;yo:—é 751_' 37
answers / total answers for the same requirement)Total: (y°<0_7'5_ .6
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B.2. List of Codes for ARB Analysis

The complete list of codes derived from analysing the ARB presentation files is

depicted in Figure B-1, comprising two screenshots, namely part (a) and part (b) in the

figure.
MNarne Grounded Density Families
%% Context factors 79 6 Architecturally Interesting Concerns
Z¥ Interfacing 43 3 Architecturally Interesting Concerns
%% Main function description 36 0
%% Business goals 29 4 Context factors
¥ Scope 27 3 Architecturally Interesting Concerns
£¥ Significant functionality/quality 16 6 Architecturally Interesting Concerns
%% Data coverage 16 1 Scope
¥ Architectural change 14 2
£¥ Interfacing for data transmission 14 1 Interfacing
2% Impacted systems 14 1 Context factors
¥ Project situation 14 3 Context factors
‘ﬁ’ Current business/IT environment 13 1 Context factors
¥ Premature ADDs 13 4 ADDs, Architecturally Interesting Concerns
‘ﬁ’ Constraints 11 6 Context factors
‘&To-be business/IT environment 11 2 Context factors
% New/changed interfaces 10 1 Architectural Change
2% Business goal: improve quality 9 1 Context factors
¥ Compliance 9 6  Architecturally Interesting Concerns
¥ Function coverage 9 1 Scope
%% Interfacing for service request 8 1 Interfacing
€% IT/business strategies 8 2 Context factors
£¥ Allocation of responsibility 8 1 ADDs
%% Business goal: improve process 7 1 Context factors
%% Technology choices 7 1 ADDs
¥ Integration 5 1 Interfacing
¥ New components 5 1  Architectural Change
¥ New/enable/enhance features 5 0
¥ Security 4 1 Significant functionality/quality
%% Complying with Corporate Security Standard 4 1 Cempliance
¥ Reporting 4 1 Significant functionality/quality

(@) part one of two
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Mame

¥ Reporting

ﬁData maodel

2% ADDs

gﬁCmstraintsin data

¥ Constraints in existing systems
ﬁDeployment scope

wﬁLocalizatinn

¥ Automating process

¥ Constraints in existing processes
%Non—existenceADDs

¥ Constraints imposed by standards

$% Search / lookup

£¥ Decommision App.

¥ Organization structure

ﬁperformance

¥ Maintainability

£¥ Resource availability

¥ Project dependencies

¥ Meed to design metadata structure

¥ business goal: integration
ﬁlnfrastructure management: extra (web) servers
$¥ Infrastructure management: extra DB storage
¥ Reuse existing data model

%S Coordination model: real-time~

% Design rationale

%% Complying with IDoc Standard

¥ Complying with Global Trade Compliance
% Complying with 50X contrals

¥ Complying with the standard APM discount model
£ Complying with Tax8regulatory compliance in China

érounded

L e e e T T T e o e T e e o T L L N L N T e

Density

S I R e e - - - - N T e R e R e o T = T e e e e R R e e =T T

Families

Significant functicnality/quality
ADDs

ADDs

Context factors

Context factors

Scope

Significant functionality/quality

Context factors

ADDs

Context factors

Significant functicnality/quality
Context factors

Context factors

Significant functicnality/quality
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Figure B-1 The complete list of codes for the analysis of the ARB presentation files
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Appendix C. Validation Interview Guidance

C.1. Cover Letter

Dear Participants,

Thank you for your interest in my research. | am Feng Chen, a PhD candidate in Lero
— the Irish Software Research Centre, and in Department of Computer Science and
Information Systems, University of Limerick. My research aims to improve
requirements decision making through architecturally significant requirements. Your

participation in this study will involve completing a 45-minute interview with me.

To provide you more information, one four-page introduction of the research,
including the motivation and research questions, is attached with this email. You will

also receive interview guidance at a later stage.

Your participation in this interview is voluntary. You may decline to answer any
questions and withdraw at any time. Please be assured that the information you
provide during the interview will be kept confidential. And the data will be used

without attribution and for academic purposes only.

If you have any questions about this study or would like more information, please feel

free to contact me.

| would be very grateful to you for your co-operation in making my research possible.

| look forward to meeting you soon.
Yours sincerely,
Feng Chen

PhD Candidate,

Lero, Dept. of Computer Science and Information Systems,
University of Limerick,

feng.chen@ul.ie

+353(0)87 707 9455
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C.2. Interview Guidance

This section presents the interview guidance used for validation study. It is this

guidance that has been sent to experts to get them on-board.
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Interview guidance

Introduction

This interview guidance, containing descriptions of research results and open-ended
questions, is used for a validation study of the thesis. Overall, this research aims to
improve requirements decision making through Architecturally Significant
Requirements (ASRs).

Please be assured that your information and your interview answers will be kept
confidential. Your answers will not be shared with anyone outside the research group.
The data you provide will be anonymously used for the validation of this research. For

instance, text responses may be quoted anonymously in the thesis.

By continuing with this interview indicates that you have given consent to participate.

You have the right not to answer any questions and to withdraw at any time.
Preparation

The researcher would like to ask for your permission to record the interview. The

interview would not be recorded if you reject the request.

Introduce myself and my research findings briefly.

About you

1. Have you had experience in participating requirements and/or architecture
decision making?
2. If YES for the previous question, then

a. How many years of that experience do you have?
b. In what kind of project situation, e.g. in-house or product development?
c. Experienced with what kind of systems, e.g. enterprise software system?
d. In those projects, were the requirements process and architectural design
carried out in parallel or sequentially step-by-step?
3. Have you had experience with projects in which IT folks (e.g. technical lead,

developer, and enterprise/solution architect) were engaged in requirements

decision making?
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I. Understanding the Requirements Decision Making Context

1. Architects’ influence on requirements decision making

Table 1 Activities and influences from architects to requirements decision making

Project Requirements Requirements e
S e Architecting
Proposal elicitation validation
Enterprise Enterprise
Enterprise architects; Solution architects;
Who architects; Solution architects; Solution
Solution architects ~ architects; Technical leads ~ @rchitects;
Technical leads Technical leads
Triage (Assess Advise BAs; Point out missing Frame
i . or infeasible requirements;
Activities the project provide . requirements; )
proposal and  overarching ’ Negate / propose
navigate ) support Sign-off requirements
Influence on - . - .
requirements Constraining Shaping Ratifying Refining

(1) Do you agree that there are basically four phases when architects can impose

influence on requirements?

(2) If the phases or similar stages apply, what are the influences in each phase?

(3) Upon what kind of activities do architects impose these influences?
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2. The conceptual model for requirements decision making

‘ Project Situation J ‘ Current Business / IT Environment W
% .
< @ Impacts @ Justifies
= Y A 4
g
= [ Stakeholder Composition J ‘ Business / IT Goals ‘
w
=}
. ®
Z
= o
" (¢}
= o)
= =1
E E.
= B
ra @

Level of Details f | Requirements Decisions

Figure 1 A conceptual model for requirements decision making

List of propositions:

Proposition 1. The project situation impacts the stakeholder composition.

Proposition 2. The stakeholder composition influences requirements decision making.

Proposition 3. Requirements decisions have different levels of details.

Proposition 4. The project situation and the stakeholder composition determine the
level of details of resultant requirements decisions.

Proposition 5. The current business/IT environment justifies the business/IT goals.

Proposition 6. The current business/IT environment and goals drive requirements

decisions.

(1) Have you experienced, or do you agree with any of these propositions?

(2) Do these propositions apply in your company?

277



Table 2 Example of project profiles

Project situation vs. Stakeholder Case Story 1 Case Story 2 Case Story 3
composition vs. Requirements
B O —
§‘ §‘ % !\IO. of 4 8 6
a a > impacted
w o > business
c 3 > | areas
= = R
S 2 &) No. of 6 6 15
< impacted
applications
Configuration of All internal All internal All internal
stakeholder
relationships
Project variation Stand-alone, Stand-alone, Part of a larger
enhancement enhancement program, new
S/W development process FD process FD process FD process
Stakeholder Business-focused 12 15 29
Composition stakeholders
Development-side 8 2 12
stakeholders
Stakeholders total 22 18 43
Dev/Business ratio 67% 13% 41%
Design Design decisions 7 1 1
decisions masked as
requirements
Total requirements 23 54 47
Design/requirement 30% 2% 2%

ratio
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I1. Requirements Challenges, Issues and Opportunities

Context: in enterprise systems development

Requirements Challenges facing BAs:

Challenge 1.
Challenge 2.
Challenge 3.
Challenge 4.
Challenge 5.

The thin and uneven spread of business / application knowledge
Difficult to identify (negative) ramifications of changes
Difficulty to define end-to-end use cases

Difficult to identify all relevant (IT) stakeholders / BUs early

Increased difficulty to engage all stakeholders

Requirements Issues experienced by development-side stakeholders:

Issue 1.
Issue 2.
Issue 3.
Issue 4.

Issue 5.

Lack of technical perspectives

Not all impacted applications are included in BRS
Incompleteness of requirements

Requirements conflicting with existing architectural capabilities

Premature solutions in the BRS

The key, underlying challenges:

The difficulty to identify ramifications of changes, and the difficult to balance and

control the level of details in the requirements specification.

(1) Which challenges and issues have you experienced in your company setting?

(2) Do you agree with the key, underlying challenges in enterprise software

development?
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Identifying Architecturally Significant Requirements

2. Expressed by

ASRSs Indicator

sarjdwi ‘9

8. Embodies

Locus of Influence Architectural Effect

Figure 2 The ASR Framework to identify ASRs

(1) Do you agree with the following statements about relationships among ASRs and

the five dimensions in Figure 2:

1

© ® N o oA w N

. Every ASR belongs to one or more types of Architecturally Interesting Concerns

(AICs).

AICs may be expressed by certain ASRs indicators.

ASRs indicators characterize ASRs.

ASRs are situated in the context of specific real-world projects.

The context may impact the architectural effect of a requirement.

The AIC may imply the locus of influence.

. The locus of influence suggests the architectural significance of a requirement.
. The architectural effect embodies the locus of influence.

. Architectural effect determines the architectural significance of a requirement.
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(2) Do you agree that architectural effect of a requirement include the following?

» Create or remove a component;

* Reschedule system flows;

* Resize a component;

» Establish or change connections between components / systems.

(3) Do you agree that the locus of influence of a requirement include the following?

» Components and related interfaces;

* High-level components;

» Interfacing, connecting to another system;

* Opening discussions for architecture evaluation / other AICs

(4) Do you agree that requirements concerning the following AICs may be ASRs?

Table 3 Identified AICs

Types of AICs Concrete AICs Examples

functionality / quality

Variability Communication channels; Operational modes; Operation
environment.
Significant Reporting; Searching; Localization; Error handling;

Monitoring; scalability.

Interfacing

Data transmission; Service request; Integration; Volume
and complexity of business rules.

Contextual factors

Business goals; IT/business strategies; Constraints; Current
IT/business environment; To-be business/IT environment;
Project situation.

Early ADDs Technology choices; Data model; Allocation of
responsibility;

Scope Deployment region; Function coverage; Data coverage

Compliance Regulations; Standards
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(5) Do you agree that requirements showing the following indicators may be ASRs?

Table 4 Identified ASRs indicators

Direct ASRs Indicators Indirect ASRs Indicators

Appearance of technology choices; Difficult and complex to implement;
Appearance of significant functionalities Determining the way to do something
and/or quality attributes; different and big;

Appearance of third parties or vendors; Emergence of significant variations;
Involving at least two systems;

(6) Do you agree with the following propositions on ASRs:

i.  Different levels of ASRs may correspond to different kinds of architecture:
enterprise-level ASRs to enterprise architecture, solution-level ASRs to solution
architecture, and application-level ASRs to application architecture.

ii.  ASRs have different degrees of architectural impact / importance.

iii.  For minor ASRs, they are more likely to be context-dependent ASRs.
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