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Abstract. The field of Requirements Engineering is arguably one of the most
sensitive areas in the development of not only software but more importantly in
the development of systems and organisational structures and processes sup-
ported by such systems. As service systems play an increasingly important role
in today’s economy, the ability of software to respond to emergent real-world
contexts becomes a key-enabling factor to developing new and unpredictable
business models. This paper, which is partly based on the keynote lecture given
by the author at ICEIS 2012, considers the field of emerged enterprise appli-
cation software and critically examines the applicability of the methodology
factors underpinning much of the practice in Requirements Engineering, to
such systems.
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1 Introduction

The last decade has witnessed the rising significance of services in world economies
[1] to the extent that in some countries services account for over 65 % of their GDP.
According to Eurostat “an essential source of innovation, knowledge-intensive ser-
vices (KIS) and even more so, high-tech KIS, are often seen as major engines of
growth in modern economies.” In particular, “the value added by the EU’s high-tech
KIS sector increased at an average annual growth rate of 6.6 % between 2000 and
2005. Although high-tech KIS comprise more than just software, it is fundamentally
software that provides the necessary added value to these systems. Therefore, the
effective and efficient development of such systems can have a major impact on the
economic value of KIS.

The aim for this paper is to examine the role of Requirements Engineering (RE) in
contemporary software development in the context of emergent application software.
Emergent application software is regarded as a key component in the service industry
of tomorrow [2]. Some key challenges outlined in [2] include:
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e Providing dynamically adaptable services for new innovative business models from
different service providers.

e Adaptable services to be compliant with Service Level Agreements (SLAs). In
general dealing with non-functional requirements (NFRs) such as quality of service,
security and privacy.

e Extending cloud computing to allow for semantically connecting software services
across enterprise domains.

e Lining existing services efficiently towards new business processes.

e Dealing with evolvable and adaptable requirements and in general dealing with
these at the user side.

In examining the role of RE in this changing landscape of software development and
infrastructure systems it is worth looking at the contribution of RE to date. The past
40 years or so have witnessed the emergence of a variety of techniques for helping
capture, represent, share, analyze, negotiate, and prioritize requirements. This is
evidenced by the volume and impact of a plethora of requirements-related papers
published in related journals and conferences [3]. At the same time the practical nature
of RE has meant that some of this research has influenced the practice primarily in
areas such as business and system modeling [4]. At the same time we have witnessed a
number of initiatives that attempt to support the RE lifecycle, initiatives such as risk-
driven methodologies [5], requirements tracing [6, 7], model re-use [8], use of sce-
narios [9], use of visualization [10], use of business rules [11, 12], enterprise modeling
[13] and goal modeling [14, 15] to name but a few.

A recent study of practices [16] and workshops involving both academics and
practitioners, the results of which were reported in [17, 18], revealed four challenges:
(i) the intertwining of requirements and contexts, (ii) the continuing evolution of
requirements, (iii) the influence of architectural considerations and (iv) coping with
complexity. These challenges apply across the spectrum of application domains as
well as across different development paradigms.

There is a realization that, as Software Engineering (SE) capabilities have grown,
so have aspirations and expectations for future systems and these largely outstrip
capabilities. Brooks’ [19] statement more than 30 years ago, that “the complexity of
software is an essential property, not an accident one” remains true to this day [20]. It
could be argued that there is a whole set of new advanced design requirements [17]
that demand now more than ever close attention to the effectiveness of the SE process.
The field’s focus and scope has shifted from engineering of individual systems and
components towards the generation, adaptation and maintenance of software-intensive
ecosystems consisting of software, hardware, human and organizational agents,
business processes and more. Such software ecosystems require attention in three
areas namely those of design and evolution, orchestration and control and monitoring
and assessment [21].

This paper examines the traditional approach to RE and argues that the prescriptive
way of using maps of the development process is not valid for software that needs to
exhibit emergent properties (Sect. 2). The need to be adopt a user-driven approach for
deliberating requirements for emergent software is considered in Sect. 3. Section 4
argues that an intention-driven approach provides the necessary abstraction and



20 P. Loucopoulos

flexibility that is required during the development and evolution of emergent software.
The paper concludes in Sect. 5 with a reflection on different modeling dimensions that
would support a development paradigm for emergent application software.

2 RE in the Context of Emergent System Development

The demand for emergent application software is due to the realization that software
needs to adapt itself dynamically to support the ever-changing requirements of mar-
kets and enterprises. Enterprises making use of such software would explore this type
of software to develop new business models that were not originally planned.
Emergent application software is characterized by the combination of service com-
ponents from a variety of providers in a dynamic and flexible manner. Let us examine
the role of RE in attempting to design such systems. Is the traditional approach of
using “maps of designs” (i.e. methods that follow a prescribed route from problem to
solution) appropriate?

Developing emergent software falls in the category of design problems often
referred to as ill-defined problems, or as Rittel and Webber called them “wicked
problems” [22]. They demand that designers not only keep in pace with the tech-
nology’s potential, but that they take business goals, social and human factors into
account as well. In such a context, problem setting is no more a trivial activity. On the
contrary, problem setting is, in a large part, intertwined with problem solving [23]. In
ill-defined problems, defining the problem amounts to a large extent to solving it. Ill-
defined problems are usually hard to solve because their definition, and not only their
solution, is difficult. Usually there is no single definition, and subsequently no any
single solution to be found. Ill-defined problems cannot be optimized; they can only be
satisficed.

This point was argued by Fred Brooks in his talk at the workshop in “Design
Requirements™ [17], as follows: “A point I want to emphasize in the requirements
process is we do not usually know what the goal is. I will assert that this is a deep fact
of reality that is ignored in much of the literature about requirements. We do not know
what we are trying to build. The hardest part of most designers of complex systems is
not knowing how to design it, but what it is you are trying to design. When we talk
about eliciting requirements, we are talking about deciding what it is we are trying to
design”. In other words the development tree emerges as we progress through
designing and the development tree is not about decisions but about designs [20].

The traditional approach to designing is that of ‘design by drawing’. In other
words, an artifact is represented in terms of expressions of mental models. For
example, a design drawing in the case of the architect may be the design of a building;
or in the case of an information systems designer, the collection of conceptual
schemata representing the form of the information system. This is an approach that
concentrates entirely on the artifact itself. It attempts to visualize the end product prior
to its implementation. However, a major disadvantage with this approach is that it
ignores completely those issues that cannot be visualized, for example, social issues,
issues of value conflict, etc. It is only by making the process open to inspection and
critical evaluation that it is possible to model and therefore reason about such issues.
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The expressions of mental models (the product of the design process) concerning
the artifact are normally considered within a framework that maps the design process.
These maps, expressed as different design activities, are advocated by method engi-
neers as a way of planning the designer’s work. On examination of these maps, it
becomes obvious that rather than considering a description of the process, the maps
are really a description of the products. A design map, let us take as an example the
steps in a structured method, tells us what the designer should consider (e.g., data
flows, stores, modules etc.) and what they should produce (e.g., a set of hierarchically
organized structure charts) rather than how a designer actually works.

Design maps tend to be general and prescriptive and they are an attempt of method
engineers to provide some ordering in the actions of the designer. In fact there is little
evidence that design maps bear any resemblance to the way designers work. Although
the field of Information Systems is rather poor in empirical work in this area, there is
fortunately a considerable wealth of material from other disciplines that demonstrate
that maps fail because problem analysis and problem solution are more closely knitted
than usually thought, and this is what makes a problem ill-defined.

For example, Lawson [24] observed the design processes followed by different
groups of people concluding that there was no generic pattern that was followed and
much was dependent on the culture and background of the different groups. Similarly,
Eastman [25] recorded the workings of experienced designers. The protocols revealed
how the designers explored the problem as well as their attempts to a solution con-
cluding that many requirements were not thought out in the abstract nor were they
defined in advance of searching for solutions but rather they were discovered as a
result of experimenting with different solutions.

One of their characteristics of ill-defined problems is that they have no definite
formulation. Formulating them amounts, to a great deal, to solving them.

What are the implications of this? Mainly a realization that designing does not
proceed in a well founded route from problem setting to problem solving but there is a
continuous interaction between the two. This can be seen in a more appropriate model
of the design process, that of ‘generator-conjecture- analysis’ [26] which postulates
that designers first define what might be an important aspect of the problem, then they
develop a tentative design on the basis of this and they subsequently examine it to see
what else can be discovered about the problem. Analysis guides design and design
guides analysis -and all in an effort to gain an understanding of the problem, of the
situation at hand. In this ‘trade off” situation, models and modelling play a crucial
role. Models are not just outputs of the process but also inputs to the thought process.

Whilst the discussion thus far has focused on the process of development one has
to be cognizant of the changes that are taking part partly driven by technology and
partly by business and economic factors. Table 1 compares and contrasts some of the
key differences between traditional and contemporary development settings.

Traditionally development of software-intensive systems assumed a reasonably
stable business environment. Rapid market changes such as electronic commerce,
deregulation, mergers, globalisation and increased competition have led to a business
environment that is constantly and rapidly evolving.
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Table 1. Traditional vs. Contemporary Development.

Traditional Contemporary

The context is a reasonably stable The context is a rapidly changing system ecology
system ecology

Emphasis on business process Emphasis on enterprise and market transformation via IS
improvement via IS

A key issue is that of alignment A key issue is that of innovation

System properties predictable Emergent system properties

Development based on a decision Development based on a design paradigm
paradigm

Clear separation between system The human is no longer outside the system but an integral
and user part of it

This leads to the demands for exploiting information systems technologies not just
for supporting business processes but also and perhaps more crucially in enabling
organisations to transform their businesses.

This implies that nowadays there is less emphasis in carefully aligning a system to
the business and instead seeking to innovate through the use of technology.

Whilst the properties of systems were traditionally predictable, there is a reali-
zation that systems need to adapt to their environment. This desire for systems with
emergent properties raises issues with respect to requirements evolution, requirements
tracing and requirements quality.

This uncertainty at the outset leads one to conclude that the decision-oriented
approach i.e. one that has a pre-determined set of development actions is not appli-
cable and a more design-oriented approach is required, an approach that affords,
experimentation and re-work.

Finally, the user is nowadays an integral part of a system and is no longer a mere
observer. This in turn raises demands for user-driven paradigms that enable users to
define, design and review potential solutions.

3 RE for Emergent Software Services

As introduced already in Sect. 2, emergent application software is characterized by
the combination of service components from a variety of providers thus exploiting
Software as a Service (SaaS) as a software development and delivery approach. The
salient feature of the SaaS approach is its flexibility, as it enables organizations to
create new software applications dynamically to meet rapidly changing business
needs. The SaaS approach has become a common software delivery model for many
business applications, including accounting, customer relationship management
(CRM), enterprise resource planning (ERP), invoicing, human resource management
(HRM), content management (CM) and service desk management. The Open Group
[27, 28], which is behind the development of Software Oriented Architecture (SOA)
Reference model, defines SOA as “an architectural style that supports service
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orientation. Service orientation is a way of thinking in terms of services and service-
based development and the outcomes of services”.

With the advent of cloud computing, the SaaS approach has become part of the
nomenclature of the cloud stack, along with IaaS (Infrastructure as a Service) and
PaaS (Platform as a Service). Armbrust et al. [28] argue that what is really new in
cloud computing is utility computing as a service, as cloud computing is the sum of
SaaS and utility computing. These authors eschew the terms such as IaaS (Infra-
structure as a Service) and PaaS (Platform as a Service) because they argue that
accepted definitions for these terms still vary widely and the line between “low-level”
infrastructure and a “higher-level” platform is not crisp. They believe the two are
more alike than different, and hence consider them together under the general term of
“utility computing”.

This viewpoint suggests that the success of cloud computing depends on close
collaboration between these users at all levels of the cloud continuum. The devel-
opment of cloud computing should therefore have strong user engagement and
involvement. Typical cloud users are SaaS providers, who, on one hand bring the
benefits of cloud computing to end users — SaaS users, and on the other hand, drive the
development of cloud applications through solving the end user problems. SaaS
applications should therefore be able to scale seamlessly at all levels of the cloud
continuum, from higher-levels that support the SaaS application development, all the
way to the cloud platforms.

RE can play a very significant and central role in bridging the gap between
technology and users by extending the abstraction level of SaaS towards the user end,
which is conceptually depicted in Fig. 1.

A key factor in the scheme outlined in Fig. 1 is that of the “application inde-
pendent model”. These models would augment the typical way of SaaS working. SaaS
focuses on delivering software on demand by enabling the composition of service
applications, which is delivered at the point of need, executed and then discarded.
Current efforts concentrate on the underlying technology and pay less attention to the
ways that users may be engaged. Users may get engaged if the ‘language’ and the
method deployed are closer to their perception. This would then enable users to
develop and modify software without necessarily being information technology pro-
fessionals. The application independent models would be archetypal models that
would fall into three categories:

e Component Models. This type of model supports the development of component
services. Examples are requirements models [29] and design models [30]. Com-
ponent services are fine-grained service components that can be reused for com-
posing different types of services. Component developers can use these models to
match and select suitable component services offered by cloud providers or use
them as a baseline for designing new component services.

e Service Models. This type of model supports the development of services. Examples
are service descriptions, business rules [31], and quality of service specifications
[32]. Services are higher-level, business-oriented components which are composed
from one or more service components. Service developers can use these models to
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match and select suitable services offered by cloud providers or use them as a

baseline for designing new services.

e Business Models. This type of model supports the development of service systems
or ecosystems as shown. Examples are business process models [33], service
interaction and orchestration models. Service systems are business applications
composed from one or more services. Developers can use these models to compose
service systems on demand or use them to integrate service systems into an

ecosystem.

There are many advantages in deploying the scheme shown in Fig. 1. Specifically:

Services would be closer to user needs.

Applications would be more adaptable to user needs.

Implementation would be independent of any platform.

L]
L]
e Implementation would be independent of any vendor.
[ ]
[ ]

Adaptivity would be easier for vendors.

Application independent models would represent a knowledge base to support the
RE process, exploiting knowledge about specific domains [34, 35], developing and
maintaining archetypical, generic solutions [36, 37], as well as assisting in the process of
progressing from fuzzy expressions of requirements to formal specifications [38, 39].

System agents

System artifacts

A
Business e : develops i PFJ
Modeller Models
customised_to
Software |, H defines > Application
User Models
[
maps_onto
¥
saas |, COMPpases Services
Provider
maps_onto
Ck,?d L i implements ! Virtual
Provider Machine

Fig. 1. Extending the level of abstraction towards the user-end.
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4 Intention-Driven RE for Emergent Software Services

Design actions are cognitive actions, and are mirrored in the conceptual models
employed by the designers. An important way of working in developing, managing
and exploiting these conceptual models (for example, in Fig. 1 customizing the
application independent models, to application models), is that of the teleological
approach [15, 40]. The term teleological being used to convey the fact that whatever
we do, we do to identify the means by which we shall be able to fulfill the ends stated
(by means we refer to the lower level goals whose achievement is necessary -and, we
hope, enough- for the high level ends). When we substitute a goal for a requirement,
this goal is no more only a goal for the enterprise, the project, or whatever we might
be working for; it becomes a goal for us as well (i.e. all those involved in the ‘change’
process).

The teleological approach advocates that everything done is incited by some goal.
It is not a prescriptive way-of-working and in this sense it avoids the problems
discussed in Sect. 2.

The task of someone using enterprise knowledge modelling is to determine the
means by which an ultimate goal, let us call it Gy, will be realized. In attempting to
achieve this, the process is governed by causal relationships between goals in a
network of goals. That is, a directed edge from a goal G; to another goal Gj implies
that the achievement of G; depends on the achievement of G;. At every step of the
process, the process is controlled or driven by the goal in hand.

The actions chosen for attaining the goals represent working hypotheses. As goals
and sub-goals are established, these are tentative at least until they are tested about
their fitness of purpose, i.e. the satisfiability of higher goals. This observation has its
roots in the Principle of Rationality [41] which states that “if an agent has knowledge
that one of its actions will lead to one of its goals then the agent will select that
action”. However, an agent may not have complete knowledge to make the appro-
priate action, or the set of actions may be so complex that it is impossible to determine
the single correct set of actions that will lead to the achievement of the goal. In this
more general sense, the Principle of Bounded Rationality [42] which states that “given
a goal, an agent may not possess perfect or complete knowledge of, or be able to
economically compute or access, the correct action (or sequence of actions) that will
lead to the attainment of the goal” will apply. Therefore, any actions chosen by an
agent in order to achieve a given goal will, in general, be a hypothesis that the actions
will lead to the achievement of the goal.

We argue therefore that in developing emergent software systems, which cannot
be prescribed at the outset, the teleological approach offers many advantages over
other traditional techniques. The approach comprises both goals conceived as
requirements and goals conceived as instances of personal efforts without making any
assumptions about the sequence with which such goals are produced.

Using the teleological approach one is engaged into designing which itself con-
stitutes the establishment of a series of causal relationships between goals. The result
of this analysis could be visualised as goal graphs. These graphs therefore, would
represent, a posteori, the design decisions showing successively refined situations that
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ultimately lead to the originally stated goal being satisfied. The goal graph will also
show alternative design paths. It follows that the goal graph would by itself be a model
of the design process. Or more accurately, the decisions adopted during the design
process [43]. In this way it would be possible to trace decision from code to
requirements, to observe and analyse the rationale used for certain design decisions
and to achieve fast and effective changes to the software knowing the effects of these
changes to the entire problem—solution frame.

5 Conclusions

This paper has put forward the position that the new class of emergent application
software systems requires a user-driven paradigm, supported by a multi-perspective
modelling approach. Such an approach would provide a convenient way of examining
the different aspects that impact on the development of such systems. The three
dimensions are those of: product representation, change process and deliberation.

The product representation dimension refers to the models that may be developed,
browsed, manipulated etc. during the change process. The change process dimension
refers to the steps, and activities made during the transition from a current situation to
a future one. Finally the deliberation dimension refers to the participants, the argu-
ments used, the choices made and the issues resolved during the transition process.
The three dimensions are orthogonal in the sense that each aspect of one has a
reflection on each one of the other two. For example, if we are engaged in discovering
the existing situation (an aspect of change process) we may develop a business process
model (an aspect of the product representation) and in doing so a number of stake-
holders may engage into discussion and agreement (an aspect of the deliberation).

The task of emergent application software development should be viewed as a co-
operative activity that exploits the contribution of different modelling views, each
encompassing a specific type of knowledge. Within this multi-perspective approach
enterprise analysis is based on two mechanisms: reasoning within a perspective; and
reasoning across different perspectives in order to allow each individual step in the
analysis process to exploit the most appropriate knowledge source.
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