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Abstract. Nowadays, industrial products as well as software applications are ex-
pected to be tailored to the user’s needs in an increasingly distinct manner. This
often makes it necessary to design a vast number of customized variants, which leads
to complex and error prone analysis and development processes. Generally, require-
ments engineering is considered to be one of the most significant activities in soft-
ware and system development. Variant management has proven to play an important
role in handling the complexity arising from mass-customization of products. How-
ever, there are only a few, often rather complex-to-use, applications which allow
adding variance information directly to requirements. Especially in case of small
and medium sized enterprises, approaches to meet this challenge often result in iso-
lated solutions that are not driven by state-of-the-art analysis methods and do not
cope with future requirements. This paper introduces a lightweight requirements
management tool called scone, which will be embedded into an overall variability
management methodology. scone enables the user to create and manage requirement
specifications and augment them with variability information. Based on this speci-
fication, the requirements can be analyzed in a formal way with respect to their var-
iability using the variability management tool Glencoe. scone was created as a sin-
gle-page web application to eliminate the need for installation and allow it to run on
many devices, while offering the experience of working with a native application,
rather than a website. Both tools are designed to provide a proof of concept for the
seamless integration of variability information within a system development process
as well as to show how variability can be handled in an easy-to-use way from the
very beginning within this process.
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Introduction
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The quality of a product significantly depends on the extent to which it meets its require-
ments. Therefore, it is commonly accepted that requirements management plays a key
role in the development process. Defects and errors that are noticed and fixed at the be-
ginning of a development cost very little, whereas a mistake that is discovered after de-
livery can cause great damage. This situation becomes even worse when variability is
considered, which greatly increases the complexity of the products developed. Growing
customer demands and expectations make it necessary to create multi-variant products
that are able to meet a broader spectrum of needs. In industrial projects the difficulties
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associated with the described situation are apparently often avoided by initially ignoring
variability. Only the requirements are described and variants are added at a later and
therefore often inappropriate stage in development. The automotive industry has learned
from this situation and has established a professional platform-based variant develop-
ment process that allows to cope with the described difficulties. Although well-estab-
lished companies have partly mastered the problem, it remains a challenge for small and
medium-sized companies to integrate requirements management and variant manage-
ment successfully and cost-effectively into their overall development processes.

At Trier University of Applied Sciences an application called Glencoe? is being de-
veloped since 2012 with which multi-variant product lines can be specified, visualized
and formally analyzed. It is a web application which provides the user with the possibility
to create and edit feature models in an accessible and user-friendly way. Since require-
ments management and variability are closely connected we developed an easy-to-use
tool for requirements management and extended it with functionality for adding variance
information to the requirements specification.

In this paper we present an easy to use platform independent requirements engineer-
ing tool that besides the usual functionality allows to specify variance information on
requirements level. A loose, partly automated, integration with Glencoe gives the user
the possibility to build a variability perspective on its requirements specification. This
perspective can be used by several stakeholders involved in the project to clarify open
questions concerning variability across disciplines.

1. Initial considerations
1.1 Obstacles for small teams

As part of the planed overall development methodology [3] scone has to follow the de-
velopment paradigm to keep things as simple as possible for the user. As part of the
previous work [1], in which a first prototype of scone was designed and implemented, a
survey on requirements management was conducted with the aim to find reasons why
requirements engineering was not successfully applied during a product development.
The participants' main reasons for not carrying out requirements management were:

e There was no time. Requirements management would have been too time con-
suming.

e The Participants stated that there was no need for requirements management
because the project was so small.

Furthermore, the participants argued that in case they did apply requirements man-
agement they decided against using a professional tool because:

e  The effort to become familiar with the tool was too high.
e  There had to be too much research to do.

e  The tools are too complex.

2 hitps://www.glencoe.hochschule-trier.de
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We could not find any studies on the influence of the existing range of applications
on the actual implementation of requirements management. Thus, the following consid-
erations are only based on the survey conducted.

The reasons for the rejection of a professional tool may be due to the fact that stand-
ard industrial applications are suitable for a great variety of projects and therefor possess
a vast number of — for small projects often — unneeded features that can initially be over-
whelming to the user. If these tools are not documented well enough, or conversely have
arelatively extensive documentation resulting from the number of features and use cases,
users may find it difficult and too time consuming to learn how to use the tool and to
familiarize themselves with it. According to [2] helpful resources like user guides and
example solutions are often not available, making it harder for the user to learn how to
use a tool. Novice users in particular may be put off and prefer using non-professional
or not well-suited tools that are easy to use and well understood, or even stop performing
requirements management altogether.

Another reason for small teams to reject professional tools may stem from the time
needed to set up the tool or rather that there is no easy access. According to a systematic
literature review [2] which compared 41 requirements management tools, the vast ma-
jority of the tools are not online, meaning the user needs to set up a tool on premise.
More than half of the tools come as plugins, that require other already established and
understood software and cannot be used alone, which means an additional obstacle for
small teams and inexperienced users [2].

1.2 Mapping a requirements specification to a feature model

Requirements management is often the first step in system development, which nowa-
days often involves several disciplines. Together, they try to work out a specification that
reflects the requirements of different users in different variations. In order to overcome
the before mentioned shortcomings we started to implement the tools to realize our be-
fore mentioned overall methodology. Since requirements management and variability
are closely connected and Glencoe was already in place, we wanted to leverage the ad-
vantages of both tools to provide the user with the possibility to specify requirements for
product lines and to visualize and analyze variability related properties in Glencoe. The
variability information of the requirements specification has to be converted (automati-
cally) into a corresponding feature model, that is delivered to Glencoe. This way the
variability perspective on the specified product could be automatically generated and all
the variant dependent information could be visualized to the user in a so-called Glencoe
Feature Model (GFM) (see [3] for more on GFMs). Using this perspective gives the user
also the possibility to analyze the specified variability using the built-in formal analysis
operations, as there is a consistency checker, a dead feature checker or to count the num-
ber of different product variants to name just a few.

One challenge was to make sure that the considerations described in 1.1 are not ne-
glected and that the features for specifying requirements and variability in scone do not
collide with the ease-of-use paradigm. Emphasis was placed on enabling the user to spec-
ify requirements without having to know product line management and without the need
to understand and learn the corresponding features of scone, so that the user will not be
discouraged.
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2. scone

Considering the results of the aforementioned survey and our own experiences in using
tools for requirements management while simultaneously learning how to perform re-
quirements management and variant management, we wanted to create a tool that allows
even small teams to carry out requirements management without having to invest much
time in mastering the tool. Since we wanted to develop an application that is intuitive to
use and can be utilized without much extra effort, we reduced the functionality to the
most basic functions needed to perform requirements management. This scope of the
functionality is described in detail in [1].

The first prototype of scone was developed in 2017 with the intention of making
requirements management accessible to students in university sized projects. In 2018 the
application was redesigned and extended with a connection to Glencoe in order to deal
with variability management. Nevertheless, its use should remain as straightforward as
possible. scone currently enables the user to create requirement specifications and offers
the possibility to augment requirements with additional variability information. The re-
quirements can then be visualized and analyzed with the help of Glencoe and the results
of the analysis can be leveraged by the user to adjust the requirements specification and
the corresponding variability information in scone.

2.1 Extension of the requirements specification

The first prototype of scone represented requirements as a simple list (see Figure 1, left
side) with no possibility of defining a hierarchy. Sub-systems and different parts of prod-
ucts are often hierarchical in nature and feature models contain features in hierarchies.
The first step in mapping a requirements specification to a feature model is to gather
corresponding requirements for clearly distinguishable features and to provide a possi-
bility to create hierarchies. For the sake of this we introduced Requirement Groups (RGs).
Every project created in scone initially contains a root requirement group. Subsequently
requirements and other RGs can be defined in it. Thus, the hierarchical nature of a prod-
uct can be represented, as every feature is described by one RG containing all require-
ments for that feature and other RGs for its sub-features (see Figure 1, right side). The
grouping of the RGs serves to improve exportability as a Glencoe feature model as well
as to structure the requirements specification, since they also function as headings. Fur-
thermore, they can be used to describe variants of product features, where one require-
ment group would gather all requirements and RGs for a variant.

To emulate the logical relationships between features, scone uses the same types as
Glencoe. It is possible to define RGs as Feature (the content of the RG describes one
distinct product feature), Alternative (the content of the RG consists of alternatives of
which only one can be part of a valid product), or Selection (only a certain number of the
direct children of the RG can be part of a valid product).
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Figure 1. Schematic view of the representation of the requirements at the starting point and in the as-is situa-
tion in scone. The left side shows a list of requirements without hierarchical order and variance information.
The right part of the figure shows the requirements aggregated in requirement groups with colored variance
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Figure 2. The example requirement specification from figure 1 displayed as a feature model.
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2.2 Handling of constraints

To express inter-dependencies between features and variants, we added the possibility to
define constraints for requirements and RGs which are called /inks in scone. There are
mainly three types of links: excludes (if A is part of the product, B cannot be and vice
versa), requires (if A is part of the product, B must be, too), and refines (A further defines
B), with refines being a constraint that can only be used for requirements. The first two
translate directly to their Glencoe equivalents Requirement and Mutual Exclusion. The
refines-constraint translates to two linked features, A and B, with B being the child of A.
A schematic view of requirements with constraints can be seen in figure 1 on the right
side.

2.3 Working with scone and Glencoe

The transmission of variant information from scone to Glencoe can be performed by the
user at the desired stage of development. Thus, a variability view (see figure 2 for an
example) is generated which can be visualized and analyzed in Glencoe. If errors or de-
fects are detected, the corresponding experts have to be contacted in order to fix these
problems at a very early stage during the development. Besides the possibility to formally
analyze the variability of the product line the requirements engineer and the variability
engineer can work together on the basis of the visualized feature model to define the
appropriate variability.

As both tools put their emphasis on being easy to use and the visualization provided
by Glencoe serves a better understanding of the product, also non-technical users can be
more closely involved in the process. Furthermore, the visualization of the requirements
specification can be used to create a shared understanding of the product and to facilitate
cooperation in a project as mentioned before.

Figure 3 shows a screenshot of scone illustrating requirement groups, subgroups and
requirements. An export of this requirement specification results in a Glencoe feature
model that can be directly imported and visualized in Glencoe, for example using the
Tree view — a representation based on the FODA notation, which was introduced in 1990
by Kang et al. [4] —, as shown in Figure 4.

If errors, like inconsistencies or dead features, are found, the requirements specifi-
cation can be corrected in scone as needed. The cooperation of both tools makes it pos-
sible to detect errors or flaws in a very early stage of development, which can help to
drastically shorten the development time and effectively reduce costs. Furthermore, it
improves the understanding of the product and its variability as the analysis procedures
of Glencoe help give some more insight into the specified variability as there are metrics
to find common features, unique features and compute all possible configurations.

Figure 4 shows the analyzed sample project where Glencoe has found two dead fea-
tures (crossed out red), meaning these features are not part of any configuration. Those
could either result from errors in the specification that can subsequently be corrected, or
the corresponding requirements are simply not needed and may be omitted. At this stage
a decision has to be made how to handle such an error. Glencoe supports the user by
providing an interactive proof representation that allows the user to identify possible
causes for this defect. See [3] for more information on the formal analysis procedures
used in Glencoe.
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Figure 3. View of the requirements specification with variance information within scone.
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Figure 4. The requirements from figure 3, exported from scone and visualized with Glencoe. The feature
model has been analyzed.
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3. Technical realization

In order to ensure that collaboration on the requirements specification is as simple as
possible, scone was implemented as a single-page web application. This section gives a
brief overview of the architecture of the application.

In broad terms, the application can be divided into frontend and backend. Both of
these parts are located on the server, but the code for the frontend is used for visualization
and logic of the application in the user's browser, while the code for the backend handles
the processing of data.

As shown in Figure 5, the backend uses a database, in which all persistent data re-
quired by the application is stored. The frontend is formed by a single-page application
created with Angular, extended with an NgRx store for state management. The latter
helps to improve the performance of the application while ensuring data consistency.
The Angular application communicates with Django via the REST interface, which pro-
cesses HTTP requests, or via Django Channels which, in concert with Redis, handles
web socket connections used for real-time functionalities in scone.

The implemented real-time functionalities serve the purpose of keeping the require-
ments specification up to date for all members of a team, as changes are automatically
propagated to them with an accompanying notification. This is especially helpful for
remotely working teams.

=== BACKEND == == == === ———— == “

Database

fi

\
[}
[}
1
[
|
l
django |
|
|
|
[}
[}
|
I

redis 4T django L“Em%?“
o channels framework

R et SE T ___7
= ='= = FRONTEND == = = = = “

! |

| ANGULAR !

! |

! |

| NgRx store |

! |

! ]

~ 4

Figure 5. Server architecture of scone.

4. Validation of the implemented tool

At present, the tool is used in the context of lectures by students. This is the first step to
evaluate the functionality according to the following questions:
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e s the functional scope of the application sufficient?
e How do users rate the usability?
e How long does it take users to become familiar with the application?

e Are the benefits of the application so great that users would prefer it to a text
document or spreadsheet for small projects?

e Could the benefits of the application convince users who do not want to do re-
quirements management because their project is so small?

As described above, scone provides only the most basic features needed to perform
requirements management. It is now to be determined if the features at hand are sufficient
to efficiently carry out requirements management and how they can be improved in any
way.

Since the main goal was to develop an application that is easy to use, usability has
to be determined in an acceptance test. As part of a university seminar, small groups of
users who mostly have never applied a requirement engineering tool will use scone dur-
ing a several weeks lasting project. After this period the users will evaluate the user ex-
perience and point out potential problems.

5. Related work

There are several product line applications available, including pure::variants [7],
SPLOT [8] [9], and FaMa[10]. However, the study of Pereira et al. [2] shows that 51%
of the reviewed applications are plugins for other applications and only 17% are online.
Of those 17% only two, the DOORS extension [11] and Metadoc FM [12] provide sup-
port for the inclusion of requirements. Both tools are plugins for IBM Rational DOORS,
with the DOORS extension being just a prototype. Neither of them is free to use [2].

6. Conclusion and future work

During the development of scone, the emphasis was placed on user-friendliness and sim-
plicity of use. A basis was created to supplement the requirements specifications with
variance information which can be analyzed and visualized with the help of Glencoe.

The result is an easy-to-use web application that allows both novice and professional
users, regardless of the platform used, to create requirement specifications even in dis-
tributed teams. Due to the possibility to enrich the requirements with variance infor-
mation and the integration with Glencoe for analysis, requirements management and
product line management can be applied in conjunction. This can lead to an early error
detection and a better understanding of the product to be created resulting in a more
efficient and effective development process.

We argue in the paper that different disciplines must work together in the context of
requirements and variant management. To our experience and to our best knowledge it
is often the case, that variant management is (if at all) considered at the very end of a
project. The reasons are in most cases obvious, but result often in a pure variability con-
cept. The integration of the tools described in this paper gives the possibility to overcome
this defect at a very early stage of development and with very little effort on the tool side.
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We expect greater acceptance and a lower hurdle in the introduction of an integrated
variant management methodology, especially among small and medium-sized compa-
nies.

However, the integration of scone and Glencoe has to be improved, since it is cur-
rently still necessary to first export the requirements specification from scone and then
import it into Glencoe. We are currently working on a closer integration of both tools
allowing for a seamless roundtrip from scone to Glencoe and back again without the need
for manual intervention. Thus, it would be possible to fix inconsistencies directly in
Glencoe with the changes automatically being reflected to the requirements specification
in scone. This would realize a completely seamless workflow during the development
process, leading to an easy to use analysis and error correction mode of operation.

Furthermore, it is currently not possible to import requirement specifications to
scone. It is planned to realize the import of ReqlF [4] conform specifications in order to
support interoperability with well-established requirements engineering applications.
However, the possibility to import other common formats like CSV should be added too.

In order to further consolidate the user-friendly approach, more research is needed
in this area, particularly with regard to requirements management, as most studies focus
on methodology and techniques rather than on usability and user-interaction.
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