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Abstract. When looking at the term "continuous requirements engineering",
there is a limited number of sources using this term in different collections of
scientific papers. However, while the term is not so often used, still the ideas
with respect to different issues of continuous requirements engineering are
discussed in papers on enterprise architecture, business process management,
and adaptive information systems. The paper lists different challenges in
continuous requirements engineering (1) by looking from the perspective of
enterprise architecture and knowledge involved in requirements engineering
and (2) by considering ideal linkages between knowledge, enterprise
architecture, business processes, and development projects. It also refers to the
current work under the query "continuous requirements engineering" and
briefly discusses how it helps to meet various challenges of continuous
requirements engineering.
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1 Introduction

Flexibility and ability to change in a fast manner has become a necessity in the
nowadays networked business environment. Taking into consideration that the
changes are needed not only in the products or services that enterprises provide to
bring value for their environment, but also in organizational processes and structures,
it is quite straight forward that requirements engineering has to become a continuous
activity instead of being just a part of temporary information systems projects.

When looking at the term "continuous requirements engineering", there is a limited
number of sources using this term in different collections of scientific papers.
However, while the term is not so often used, still the ideas with respect to different
issues of continuous requirements engineering are discussed in papers on enterprise
architecture, business process management and adaptive information systems [1].
Most of research work has concentrated on product requirements, i.e., on how to
identify what changes are needed in the information systems development product (or
manufacturing products). Less attention has been paid to the relationship between the
needs for changes in information systems and needs of changes in enterprise
architectures (EA). One may argue that EA development frameworks include changes
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in requirements and information systems [2]. While theoretically it is so, still in
practice the requirements are rarely handled systemically before "testing" their quality
at the implementation stage.

The purpose of this paper is to discuss continuous information systems
requirements engineering from the EA and knowledge perspectives. The research
method applied here is simple. The information system is considered as the supporter
of business processes that produce products or services; and business processes, in
turn, are considered as a part of EA. The situation between snapshots of two states of
EA (As-Is and To-Be) is taken as an object of analysis with the purpose to envision
"ideal" linkage between different EA models and knowledge of various stakeholders
for continuous requirements engineering.

The paper is structured as follows. Section 2 introduces the ideal linkage between
models and knowledge of stakeholders, based on EA concept. Section 3 discusses
how contemporary approaches to requirements engineering support this linkage.
Section 4 concludes the paper with the list of topics that would be relevant for further
research in continuous requirements engineering.

2 EA, Knowledge, and Continuous Requirements Engineering

The purpose of this section is to provide a context for the discussion on continuous
requirements engineering. We mainly will speak about information systems
requirements (or requirements for information technology solutions). However, the
issues discussed here are relevant also for other domains of requirements engineering.

At a high level of abstraction and following the top-down systems development
thinking, we can assume that any changes in enterprise architecture (EA) might be
propagated to business processes and, when architecture gap is identified,
implemented in information systems development projects (see Fig. 1).

We can also assume that all of the phenomena reflected in Fig. 1 (As-Is EA and
Business Process, To-Be EA and Business Processes, the EA Gap and the project) are
at least to some extent documented. What is essential to pay attention to here is that in
all cases part of the knowledge are still tacit - reflected only in the brains of people
involved into EA, business process, or systems development. Moreover, explicit
knowledge can be reflected in different ways - it might be reflected in either
documents or models that allow consideration of an artifact as a whole only; or it can
be reflected in the models that allow to consider the artifact as a whole and also its
elements at several levels of detail. For instance, there might be a possibility to view
just a document with the picture of a business process in a particular notation; or there
can be a possibility to view the business process model and add the link to one of its
activities or resources. Thus with respect to each of above-mentioned phenomena we
can say that there is tacit, and explicit knowledge that refers to it. And, with respect to
the explicit knowledge, we can distinguish between the knowledge that is reflected in
some knowledge holders in general and the knowledge that is reflected in systems
engineering tools, in particular. In the ideal case, with respect to each artifact, tacit
knowledge includes explicit knowledge and, in turn, explicit knowledge includes
knowledge reflected in systems engineering tools (see triangles in Fig.1). Taking into
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consideration the complexity and the size of EA artifacts, it is not realistic that all of
them would be reflected in tacit knowledge of stakeholders and developers, and not
all items in the tools are related explicitly to all other relevant artifacts outside the
tool. Thus the challenge here is how to establish right equilibrium between different
types of knowledge to be able to ensure relative consistency between different
artifacts; and how to maintain the consistency when one knowledge type changes.

Business Process As-Is Business Process To-Be

EA To-Be A

Fig. 1. A simplified view on change propagation

So far we looked from the top-down point of view. However, in systems
development, bottom-up, meet in the middle, iterative, incremental, and many other
approaches are considered. It shows that the changes in requirements can concern EA,
business process, and project at any time form different perspectives (see Fig. 2).

Such dense possibilities for changes and agility requested in meeting the changes,
in the ideal case, would require documentation of all potential and real changes in the
tool used for systems engineering in order to follow the basic principles of
engineering, such as "manage phased life-cycle plan", "perform continuous
validation", "maintain disciplined product control”, etc [3]. While the impact between
the software or hardware development (acquisition) project, business processes, and
EA is clear in general, the ability to manage specific relationships in each moment of
time still face the following challenges to know:

o  What is the landscape (or the ecosystem of models and physical objects and

agents) that has to be taken into consideration?

o What is the level of granularity at which the change has to be considered?

o Is it possible to distinguish between permanent changes and temporal

changes?

o s it possible to distinguish between high impact changes and low impact

changes?
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When speaking about relationships between EA and business processes, in the
ideal case, the EA would reflect data elements that refer to all data states in the
business process models as well as all performers of processes with respect to all
possible process instances. However, such business process notations as BPMN [4],
scarcely reflect data processing issues, and also the possibility to reflect performers by
BPMN is pretty limited. Thus there is the next challenge, namely incompatibility
between EA requirements and business process requirements representation
possibilities.

Business Process As-Is -

EAAs-ls 4= | ==

Business Process Change
Requirements

GAP

-
Projects #

" | Project Change
S Requirements

Fig. 2. Closer to reality in change propagation

With respect to the software requirements and business process requirements the
situation is similar to the one discussed in the previous paragraph. The information in
project requirements is considered mainly as something to be acquired from databases
or data warehouses and the information circulation in the business processes rarely is
taken into consideration. But in the ideal case it would be essential to see both - the
way how data (information) historically is modified in each step of the process and
where and how it rests during the lifecycle of objects that data reflects. Thus the one
more challenge in continuous requirements engineering is /imited possibilities to see
the relationship between information circulation in business processes and
information life cycle in information storage systems.

At the end of this section it is necessary to point to one more issue that becomes a
challenge in nowadays requirements engineering, namely, the form and the role of
requirements specification is not clear. Development and reading of requirements
specification is a very time-consuming task. So in many agile projects its use is as
much as possible limited. On the other hand, the product of requirements engineering
is requirements. So the product of continuous requirements would be continuously
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changing requirements which still adhere to all quality characteristics of the
requirements specifications. Thus the question on what is the ideal form of the
product of continuous requirements engineering is still open.

3 Related Work on Query "Continuous Requirements
Engineering"

In this section, in the context of challenges in continuous requirements engineering
discussed in Section 2, we will look at some approaches which were available on the
query "continuous requirements engineering" in Springer, IEEE, and Elsevier
collections of scientific papers. The total number of publications found on this query
was eleven, two of them were not relevant in the context of this paper. Table 1
represents, which challenges, at least partly, are addressed in which of nine papers
discussed below.

As mentioned in the introduction, a lots of work relevant for continuous
requirements engineering is done in the area of self-adaptive systems. In [1] a
modeling language, called Adaptive RML, for the representation of early
requirements for self-adaptive systems is proposed The language has graphical
primitives and formalization. This work can be considered as the step forward to meet
the challenge of unclear role and form of the product of continuous requirements
engineering.

In [5] different types of changes in requirements are discussed and continuous
adaptive requirements engineering framework CARE is proposed, which leverages so
called Techne - a new generation requirements modeling language with goals,
preferences, and inconsistency handling. The work in [1] also is closely related to
Techne. The following types of changes are considered in [5]:

e  Changes that are anticipated at the design time

e Changes in the environment (with the request that the system must monitor

each change)

e Changes that are unanticipated by the designer for which there is a possibility

for addition or simple refinement in the system

e Changes that are unanticipated by the designer for which there is no possible

addition or simple refinement in the system (system evolution instead of
adaptation is needed)

In [6], in the context of adaptive systems, the main attention is given to
requirements handling at run time. In [7] a special attention is paid to end-user
requirements in the context of self-adaptive systems. The work on adaptive systems
well shows the dynamics in continuous requirements engineering. However the
requirements engineering there is focused on one specific adaptive system only.
When looking from EA perspective, many different systems and services shall be
considered, so the landscape or ecosystems challenges still are not met in
contemporary work on continuous requirements engineering in the context of
adaptive systems. Nevertheless the work represented in [5]-[7] to some extent
addresses Challenge 1 as well as Challenges 3-6 represented in Table 1.
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Table 1. Challenges partly addressed by current work in Continuous Requirements Engineering

N Challenge Sources

1 How to establish right equilibrium between different types of | [S], [7], [8], [9], [14]
knowledge to be able to ensure relative consistency between
different artifacts, and how to maintain the consistency when
one knowledge type changes

2 It is not clear how to know what is the landscape (or the | [13]
ecosystem of models and physical objects and agents) that
has to be taken into consideration for currently handling the

change

3 It is not clear how to know what is the level of granularity at | [5]
which the change has to be considered

4 It is not clear how to distinguish between permanent changes | [6]
and temporal changes

5 It is not clear how to distinguish between high impact | [5]
changes and low impact changes

6 Incompatibility between EA requirements and business | [5]
process requirements representation possibilities

7 Limited possibilities to see the relationship between

information circulation in business processes and information
life cycle in information storage systems

8 The form and the role of requirements specification is not | [10], [11], [12]
clear
9 It is not clear what is the ideal form of the product of | [1], [10], [11], [12]

continuous requirements engineering

In [10], [11], and [12] four requirements abstraction levels are proposed and
verified in different case studies. The following requirements abstraction levels are
proposed:

e Product level requirements (goals)

e  Feature level (features)

e  Functional level (functions/actions)

e Component level (details, consists of)

The paper [10] presents also distribution of requirements sources concerning each
requirement type. Additionally, the paper presents a number of requirements
attributes and the list of states of requirements and requirements state transition
model. The results of this research including their validation ([11], [12]) might be
helpful for meeting Challenge 8 and Challenge 9.

Requirements in the context of EA are discussed in [13]. In [14] monitoring of
requirements is discussed in larger context than in [9]. Thus the work in [13] to some
extent contributes to meeting Challenge 2 and work in [14] addresses Challenge 1.

Table 1 shows that the related work found on query "continuous requirements
engineering”" can provide some solutions for the most of challenges discussed in
Section 2. However, none of them fully meets any of these challenges. Handling of
tacit and explicit knowledge has been addressed by several approaches, including
usage of business analytics and monitoring techniques, which is important
contribution in engineering of requirements. However, only two approaches (the one
in [1] and the one in [10]-[12]) addresses the product of continuous requirements
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engineering (Challenge 8 and Challenge 9). Scope of artifacts to be addressed
(Challenge 2), granularity of knowledge (Challenge 3), persistence (Challenge 4), and
impact of changes (Challenge 5) as well as incompatibility between EA requirements
and business process requirements representation possibilities (Challenge 6) are also
scarcely addressed. Challenge 7 - limited possibilities to see the relationship between
information circulation in business processes and information life cycle in
information storage systems, is not addressed at all. Thus additional research is
needed to address all challenges on continuous requirements engineering.

The spectrum of related work discussed in this section is limited to the research
papers available on the query "continuous requirements engineering". The papers that
are not positioned under keyword "continuous requirements engineering", but still are
related to any of challenges presented in Table 1, have to be investigated in further
research as there could be found solutions that can contribute in meeting the
challenges of continuous requirements engineering.

Conclusions

The paper presents different challenges in continuous requirements engineering from
enterprise architecture and knowledge perspectives based on requirements
engineering issues in enterprise architecture, business processes, and systems
development projects. It also refers to related work under the query "continuous
requirements engineering”" and briefly discusses how this work can contribute for
meeting identified challenges.

The paper reveals nine challenges in continuous requirements engineering. It
shows that the related work quite largely addresses one challenge, seven challenges
are addressed by at least one work, but one challenge, namely, limited possibilities to
see the relationship between information circulation in business processes and
information life cycle in information storage systems, is not addressed at all.

Further research will include search and analysis of related works in broader scope
of areas for each presented challenge of continuous requirements engineering, as well
as development of continuous requirements engineering methods that integrate and
extend existing solutions and adhere to the main principles of engineering.
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