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Abstract. This paper reports on experiences in the development and use
of a non-functional catalogue based on Goal-Oriented Requirements
Engineering. This catalogue is specific for ubiquitous, pervasive and
mobile computing domain, and it represents a common baseline fo-
cused on the concerns of this domain, their interdependencies and
operationalizations. Moreover, our reusable models-based catalogue has
been thoroughly evaluated by using different ubiquitous contexts.
Therefore, it is in constant evolution. According to our evaluation pro-
cess, the reuse of existing and shared models demonstrates, among oth-
ers benefits, that: (i) it offers a suitable and reusable body of knowledge
to deal with ubiquitous, pervasive and mobile quality criteria; and (ii) it
reduces elicitation time and team efforts while working with non-
functional issues. We also present an overview about the catalogue's
development process, emphasizing the last obtained refinements.
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1 Introduction

In the Ubiquitous, Pervasive and Mobile Computing domain, we must consider dif-
ferent issues, such as: devices heterogeneity, content adaptation, context awareness,
mobility, ever-changing environments, and content server distribution. Various au-
thors (e.g. [1][2]) agree with the fact that these issues are real concerns in that do-
main. Therefore, these concerns are intrinsic and commonly found when we are, for
example, developing ubiquitous, pervasive and mobile systems and applications.
Although there is a consensus about the importance of those issues, unfortunately,
there is a lack of support - for the mentioned domain - in order to guide developers
from the requirements elicitation to implementation, specially while respecting non-
functional requirements. Moreover, we know that the requirements engineering activi-
ties demand an adequate conceptual modeling support to be appropriately performed.
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In order to contribute to this field, we have dedicated part of our work to develop a
non-functional requirements catalogue, specifically for Ubiquitous, Pervasive and
Mobile Computing domain. We also provide a method for using this catalogue to
guide systematic developments by considering applications in this domain. Both, the
catalogue as well as the method, are in constant refinement to attend new demands in
this domain, in which the evolution is inherent to deal with emergent technologies.

Additionally, it is important to emphasize that the catalogue is constructed by using
the NFR Framework. This framework was first proposed by [3], and it constitutes a
Goal-Oriented Requirements Engineering (GORE) [4] approach for capturing non-
functional requirements, by also defining their interdependencies and
operationalizations. This kind of approach is interesting as it ends where the tradition-
al approaches, i.e. Object-Oriented approaches (e.g. Rational Unified Process (RUP)),
start. In other words, GORE approaches focus their contributions on activities that
precede the requirements specification to facilitate the validation of architectural deci-
sions. Therefore, the NFR Framework offers support to: (i) design alternatives for
dealing with different non-functional issues; (ii) consider conflicts, tradeoffs and pri-
orities, and (iii) evaluate the decisions impact based on non-functional isues that
commonly influence the success of ubiquitous, pervasive and mobile applications.

In this paper, we briefly present our catalogue and its contributions. The paper is
organized in sections. In Section 2, we mention the goals of our work. In Section 3,
we describe the scientific contributions of the proposed non-functional catalogue for
ubiquitous, pervasive and mobile applications development by offering an overview
of the catalogue's development process and contents. In Section 4, we have the final
considerations and, finally, in Section 5, we suggest directions for further work.

2 Objectives of Research

We have been investigated interesting non-functional-requirements-driven approach-
es, such as [5][6]. However, most of them are issue-specific-oriented and they support
specific applications. Therefore, they do not provide a reusable models baseline for
applications that do not match with these specific issues and application profiles.

Additionally, there is a lack of approaches that guide the development of ubiqui-
tous, pervasive and mobile applications from the requirements to code, focused on
different quality criteria, such as: user satisfaction, device heterogeneity, mobility,
content adaptation, context awareness and ever-changing environments.

Considering these timely observations, our research is mainly motivated by the
goals: (i) provide a guideline, based on reusable models, for ubiquitous, pervasive
and mobile applications in order to orient software engineers from the requirements to
code in the development of these applications, and (ii) as our non-functional catalogue
is constructed by considering non-functional requirements that are commonly found
in ubiquitous, pervasive and mobile applications, it provides generic support, and it
also contributes to the reuse of these generic solutions in different applications, whose
developers can concentrate their efforts on the specialization of these solutions to
better attend specific concerns.



3 Scientific Contributions

Our non-functional requirements catalogue was developed by composing different
conceptual non-functional requirements models in order to obtain a common reusable
models baseline for ubiquitous, pervasive and mobile applications. In the catalogue's
development process, we focused our attention on three main activities, non-
functional requirements (1) elicitation; (2) decomposition, and (3) interdependencies
identification. In order to perform these activities, we used ubiquitous, pervasive and
mobile scenarios in different cognitive domains (e.g. e-commerce, educational and
dental), consultation with experts, and our experimental research. Our objective was
the elicitation of quality criteria commonly found while developing ubiquitous, perva-
sive and mobile applications. Moreover, we evaluated the elicited non-functional
requirements with the users participation. This process also contributed to the cata-
logue's evolution and adequacy. Therefore, in practice, the activities described before
as well as the evaluation were iteratively performed, by allowing to incrementally
develop the catalogue as a knowledge baseline, specific for the domain of interest.

A briefly overview about the catalogue's development are presented through the
following phases: (i) Investigation, in which we investigated the State-Of-The-Art to
compile an adequate initial understanding of ubiquitous, pervasive and mobile con-
cerns. At the end of this phase, we obtained a first version of the catalogue, which
consisted of a top-level ubiquitous, pervasive and mobile requirements. Basically, at
this stage, the catalogue included three top-level non-functional requirements (i.e.
Ubiquity, Pervasiveness, and Mobility), and four sub-non-functional requirements
(i.e. Content Adaptability, Context Awareness, Device Heterogeneity and Software
Processes Complexity Invisibility); (ii) Experimental Research, in which we exper-
imented the first version of our catalogue by using it to systematic develop ubiqui-
tous, pervasive and mobile applications. As the result of our first experimental re-
search, we obtained some interdependencies between the non-functional requirements
as well as some operationalizations for them. We also identified the necessity of some
improvements in our catalogue first version. Therefore, we evolved it by incorporat-
ing the non-functional requirement User Satisfaction as a seminal ubiquitous, perva-
sive and mobile issue. Moreover, we refined the User Satisfaction, decomposing it on
Usability, Content/Service Accessibility, Ubiquitous, Pervasive and Mobile Profile
Awareness, and others. This new catalogue version was constituted of 21 non-
functional requirements; (iii) Iterative Evolution, in which we have performed, since
2007, several iterations in order to evolve the catalogue by following emergent tech-
nologies and others ever-changing elements in ubiquitous, pervasive and mobile con-
texts. Basically, during this phase, we iteratively (a) created new catalogue contents;
(b) eliminated replications, redundancies and ambiguous specifications; and (c) im-
proved the reusability condition of the catalogue. Some case studies that are used in
this iterative evolution are detailed presented at [7][8][9][10][11][12]; and (iv) Col-
laborative Evolution, in which, based on the fact that we opened our catalogue to
scientific community, we have incrementally refined the catalogue according to the
feedback we obtained from others ubiquitous, pervasive and mobile groups' projects.



Based on this process, our catalogue's last version is composed of almost 700 in-
terdependent non-functional requirements. They are organized according to their pri-
oritizations in ubiquitous, pervasive and mobile applications. The prioritizations were
obtained throughout the last five years. Actually, the non-functional requirements that
are most commonly found in the ubiquitous, pervasive and mobile applications devel-
opment received highest priority. Some of these non-functional requirements are
Ubiquity, Pervasiveness, Mobility and User Satisfaction. Therefore, they are at the
top-level of the catalogue's non-functional requirements hierarchy. Then, we have 17
non-functional requirements at the second level, which includes: Content Adaptabil-
ity, Context Awareness, Device Heterogeneity and Transparency. Furthermore, there
are almost 200 non-functional requirements at the third level, such as: Self-
Regulation, Autonomy, Reactivity, and Controllability. According to our research,
these non-functional requirements are applicable to a broad class of ubiquitous, per-
vasive and mobile applications. As the catalogue is in constant evolution, the refine-
ments also involve refactoring in the non-functional requirements' prioritizations.

In order to improve the use of our catalogue, we developed a Web-application to
deal with the huge number of non-functional requirements reusable models shared in
our baseline. It facilitates the access of these reusable models and it helps in the
presentation and browsing of the catalogue's contents based on an exploration tree to
navigate and select a desired non-functional requirements, their meanings, and links
to the models of their interdependencies. Moreover, we also developed a method to
allow the use of our catalogue as a guideline to orient the systematic development of
ubiquitous, pervasive and mobile applications from the requirements to code by fo-
cusing on non-functional requirements commonly found in these applications. The
catalogue's use method is based on five activities, some of them decomposed on oth-
ers sub-activities. They are: Explore, Collect, Model, Operationalize and Validate.

The Explore activity is divided into Consult and Extract sub-activities. It assists the
developers in catalogue's exploration by improving the investigation of different
ubiquitous, pervasive and mobile concerns, and in the knowledge extraction from the
catalogue by improving the deduction of what knowledge - i.e. catalogue's predefined
non-functional requirements - is pertinent for the application under development.

The Collect activity is composed of Pick-up and Instantiate/Evolve sub-activities.
It helps in the requirements elicitation by picking them up from our baseline. The
developers can decide to use the requirements as they are specified in the catalogue,
or they can instantiate these requirements and evolve them to better attend the specific
concerns of the application under development. When the non-functional require-
ments match with the ubiquitous, pervasive and mobile application's needs, the devel-
opers can basically reuse them as they are defined. Although, some adjustments can
be necessary. Thus, the non-functional requirements must be instantiated and evolved.

The Model activity is based on Decompose or Determine Interdependencies. It as-
sists in the design by guiding the non-functional requirements modeling. If the devel-
opers only picked-up the non-functional requirements from the baseline without the
necessity of adjustments, the Model activity is not necessary in this case. The devel-
opers can obtain the model from the catalogue and use it as it is specified. However, if
the developers modified and adapted the non-functional requirements by instantiating



and evolving them, it is necessary to decompose and/or determine their new interde-
pendencies. We suggest a modeling based on the NFR Framework's notation, which is
centered on a graph called Softgoal Interdependencies Graph (SIG). In a SIG, the
non-functional requirement is a softgoal that has interdependencies with others non-
functional requirements. More about the NFR Framework can be obtained in [3].

The Operationalization activity assists the developers in low abstraction level by
offering predefined operationalizations' set, which can be viewed as a set of possibili-
ties and strategies in order to facilitate and guide the implementation of different is-
sues. However, when the catalogue's offered support does not address the developers'
needs, it is also possible to establish new support using the developers' expertise.

The Validate activity is divided into Evaluate and Solve Conflicts sub-activities. It
helps in the non-functional requirements evaluation using the notion of propagation
rules and offspring labels - denied, weakly denied, undecided, weakly satisfied, satis-
fied and conflict - provided by the NFR Framework [3]. Here, it is possible to check
interdependencies using specific correlation rules and also considering the stakehold-
ers' participation. Moreover, it is also possible to identify conflicts in both, non-
functional requirements interdependencies and operationalizations. In our case stud-
ies, for each application under development, we scheduled meetings with the stake-
holders to evaluate the non-functional requirements, their interdependencies and
operationalizations by considering specific scenarios to test/investigate the applicabil-
ity, pertinence and adequacy of the requirements obtained by exploring, collecting,
modeling, and operationalizing centered on the catalogue. The method also contem-
plates the feedback notion, allowing refinements when misconception or misunder-
standing occurs from faulty judgment, deficient knowledge or lack of forethought.

4 Conclusions

In this paper, we report on our experiences with our reusable models-based catalogue
centered on GORE. The main purpose of our initiative on constructing this catalogue
is to provide a common baseline of ubiquitous, pervasive and mobile concerns - i.e. a
framework for this domain - in order to guide the development of applications in this
domain from the requirements to code. It is possible as the catalogue is centered on
different non-functional requirements as well as it contains the interdependencies
between these requirements and also possible ways to operationalize them.

The results obtained by evaluating our framework at both, Software Engineering
Laboratories at PUC-Rio and at UnB/FGA, indicate that we are in the right direction,
mainly if we focus our attention on: (i) improving the elicitation process centered on
non-functional requirements of ubiquitous, pervasive and mobile applications; (ii)
reducing the spent elicitation time; (iii) reducing the team efforts in dealing with
common found ubiquitous, pervasive and mobile non-functional requirements, by
allowing that the team concentrate the efforts on specific issues, and (iv) providing a
guideline for the developers of ubiquitous, pervasive and mobile applications that
orients them from the requirements to code. Thanks to the GORE nature, the proposed
framework also maintains the traceability for Requirements Engineering activities.



It is relevant to consider that we are also conscious about our unsolved challenges,
such as: (i) the demand of time to maintain and evolve our catalogue; (ii) the necessity
of advanced mechanisms for knowledge management and version controller; and (iii)
the necessity of a tool support to improve the catalogue's reuse. As presented in Sec-
tion 5, we have experimented with possible strategies to deal with these challenges.

5 Ongoing and Future Work

In order to maintain our catalogue up to date, we have opened access to our baseline.
Our intention is the constant refinement of it by (i) providing more precise methods;
(ii) changing the priorities of the non-functional requirements specified into the cata-
logue, and (iii) incorporating new quality criteria as well as their interdependencies
with others criteria, and operationalizations based on emergent technologies. We also
envision further work on offering a tool support to facilitate the catalogue's use.
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