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Summary

The D2.1-E Quality Aware Product Line Domain Engineering Method is a document
delivered in the context of WPZ2: Design of architecture and middleware for effective
system composability, Task 2.1: Model Driven Architecture for Components
Engineering with regard to a methodology for developing software product lines
taking into account quality.

This document is about a method for developing software product lines taking into
account quality aspects. Software product line concept is introduced. advantages and
disadvantages, development methodologies, requirements engineering, etc.; Quality
attributes, its importance in software product lines and how can be the variability in
quality modelled are addressed. And the methodology for developing the reusable
assets in a software product line taking into account quality is presented.
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Abbreviations

ADL Architecture Description Language

ATAM Architecture Trade-off Analysis Method

BBN Bayesian Belief Network

BDD Binary Decision Diagrams

CBFM Cardinality based Feature Modelling

CSP Constraint Satisfaction Problems

Cw COVAMOF Variability View

DSL Domain Specific Language

eDIANA Embedded Systems for Energy Efficient Buildings

FAST Family Oriented Abstraction Specification and Translation

FODA Feature Oriented Domain Analysis

FOP Feature Oriented Programming

FOPLE Feature Oriented Product Line Software Engineering

FORM Feature Oriented Reuse Method

F-SIG Feature-softgoal interdependency graph

HoPLAA Holistic Product Line Architecture Assessment

NFR Non-Functional Requirements

OVM Orthogonal Variability Modelling

PLUSS Product Line Use case modelling for Systems and Software
engineering

PUuLSE ProdUct Line Software Engineering
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QADA Quality-driven Architecture Design and quality Analysis
QRF Quality Requirements of a Software Family method
RED-PL Requirements Elicitation & Derivation for Product Lines
SAT Boolean Satisfiability Problems

SPL Software Product Line

UML Unified Modelling Language

VSL Variability Specification Language
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1. Introduction

ARSoftware product of softwvare-ifit&hsivie )systams tha share &
common, managed set of features to satisfy the specific needs of a particular market
segment or mission and that are developed from a common set of core assets in a
prescri g.d wayo

Embedded systems are favourable to be developed by software product lines
methodology due to their features; similar products with variable features (hardware
and/or software). This is the case of eDIANA which is a platform composed by
embedded systems that can have variability: the number of cells, the number and
type of devices in a cell, the type of communication, etc. can change from one
product (installation) to another. The eDIANA platform foresees a great level of
reuse, and variability has been considered as a main topic.

Classic SPL techniques have evolved over the last years due to the great research
effort spent on the topic. Examples of this great effort can be found in many
research projects that addressed SPL as main topic, such as [63],[64],[65],[66],[67]
and [68]. Many of these projects are currently running, making clear that SPL
practice is still an interesting topic for the scientific community.

In a software product line, quality attribute requirements have also variability,

different members of the line may require different levels of a quality attribute, for

instance t hey coul d differ i n terms of Omeheir a
product may require a very high reliability whereas in another reliability is not

important. There may also be products that have the same functionality but differ in

quality attribute levels. This aspect has also been neglected or ignored by most of

the researchers as attention has been mainly put in the variability to ensure that it is

possible to get all the functionality of the products. This document focus on quality

and software product lines and presents a method for developing software product

lines taking into account quality aspects.

This document makes an introduction to software product lines in section 2, Quality
attributes and its importance in software product lines is addressed in section 3. And
the methodology for developing the reusable assets in a software product line taking
into account quality is presented in section 4. To conclude with the conclusions in
section 5.

2. Software Product Lines

Software Product Line development paradigm systematizes reuse and allows
reducing costs and time-to-market and improving the quality of the products.
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Software product lines helps to obtain benefits from the common parts of the
different products that are developed in an organization at the same time that limit
variability among them. Software product lines allow systematic reuse when an
organization develop families of products, that is to say, similar products
distinguished by some features.

In Software Product line development three activity groups or phases are
distinguished [1]: Domain Engineering or Development of Core Assets, Application
Engineering or Development of Products and Product Line Management. Bosch [2]
introduces another group of activities: Evolution or Maintenance of the product line.

Domain Engineering is in charge of developing a common infrastructure and assets.
For doing that, it is necessary to identify the common and variable part among
different products to create the necessary infrastructure and support to obtain the
highest degree of reuse. Two of the main activities of this phase are to analyze the
system and to create the reusable assets. This phase is also known as the phase
fidevelop for reuseo.

The goal of Application Engineering phase is to develop the applications or products
using the assets created in the Domain Engineering. It is known as the phase
i d e v erdugsingd. It is during this phase where products are built by product
derivation: fithe complete process of constructing a product from product family
software assetso [3].

Product line management activities both at technical level (project) and at
organizational level (enterprise) must ensure that the software product line approach
is followed in an adequate way and successfully. Management activities include to
supervise the development of core assets and products, to take charge of
organizational structure, to assure needed resources, to create an adoption plan, to
assure that the goals and measurements are adequate, to give feedback, to select
the approach of the line, etc.

The evolution activities of the product line are in charge of assuring that the software
product line is adapted in a satisfactory way to the new requirements of the existing
products and new products that must be included in the line.
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Figure 2-1: Phases of software product line engineering

2.1 Advantages and disadvantages

The organizations that have applied software product line engineering have obtained
remarkable benefits that are aligned with the business goals [1]: productivity gains,
reduce time to market, improve product quality, reduce risks, increase the agility in
the market, increase customer satisfaction, more efficient use of human resources,
ability to perform mass customization, ability to maintain market presence, ability to
maintain growing, etc. These benefits give organizations a competitive advantage
and are derived from the reuse of core assets in a strategic and prescribed way.

Once the core assets of the product line have been established, there is a direct
saving each time a product is built. Software product line approach also provides
options in relation to future market opportunities. The exact opportunities and their
probability cannot be predicted, but software product lines allow performing
experiments with low cost and risk to explore opportunities using the variation points
of the core assets. Another important aspect is that software product lines increase
quality. Defect elimination of previous products benefits each new product;
therefore, the confidence of the developer and customer is increased in each new
installation [19].

The software product line approach has also its risks and disadvantages. Big
inversions are required, there is a risk and an impact in the organization and in the
management in terms of mentality change and money and time costs. For this
reason, the adoption must be a medium-long term strategy and not expect
immediate results. Software product lines do not appear accidentally, an explicit and
conscious effort is required to initiate a software product line.
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2.2 Software Product L ine development Methodologies

2.2.1 Variability modeling

AThe wvariability in a domain (or sever al
family from[4dacimVertihaelriol ity is the alility

syst[Bmo

Variability and its management is one of the key aspects of software product lines.
Several variability modelling techniques and approaches have been developed in
order to manage variability.

Feature models are one of the most used techniques for representing variability and
commonality in software product lines. Feature modelling is considered a prerequisite
for Product Line Software Engineering [6] because feature model plays a central role,
not only in the development of the reusable assets, but also in the management and
configuration of multiple products in a domain.

Feature modelling was first proposed as part of the FODA (Feature Oriented Domain

Analysis) method [7]. FODA defines a feature as fia
user-vi si bl e aspect, qguality, or characdfer.

Feature are displayed in a feature diagram which is a graphical And/Or hierarchy of
features. Features can be mandatory, optional or alternative. And composition rules
are used to define the semantics existing between features that are not expressed in
the feature diagram: Mutual dependency (Requires) and mutual exclusion (Mutex-
with) relationships.

And based on this method, several extensions and variants have been proposed.
Some of the most known are FORM (Feature Oriented Reuse Method) [8], FOPLE
(Feature Oriented Product Line Software Engineering) [9], FeatuRSEB [10],
Generative Programming [11], Gurp et ald6 s a p p[5],0Reebidchd s a p p[i2b
CBFM (Cardinality based Feature Modelling) [13] and Forfamel [14].

There are also approaches based on use cases: [15] or approaches that use feature
models and use cases such as PLUSS (Product Line Use case modelling for Systems
and Software engineering) [16] and RequiLine [17]. Other approaches model
variation points such as [18], OVM (Orthogonal Variability Modelling) [19] and VSL
(Variability Specification Language) [20]. There are also approaches that integrate
variability in product line ADLs (Architecture Description Languages): Koalish [21]
and xXADL [22]. Other techniques are Pure::Variants based on the CONSUL approach
[23], ConlIPF [24] and GEARS [25].
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Several techniques use UML (Unified Modelling Language) that is the facto modelling
standard in industry for software. UML extensions are proposed to introduce
variability: [26] and [4].

Regarding to the mechanisms and approaches to implement variability, the following
ones can be mentioned: Generative Programming [11], Frames Programming such as
XVCL [27] and Feature Oriented Programming (FOP): [28] and AHEAD [29].

2.2.2 Software product line engineering approaches and tools

Most of the variability modeling and implementation techniques and approaches that
have been mentioned in the previous section can be considered as software product
line development methodologies or approaches; as they have associated a process
for developing software product lines.

For instance, the approaches based on feature models: FODA, FORM, FeatuRSEB,
FOPLE, PLUSS, etc. The approach proposed by [19] that include the OVM modelling
and [26] that proposes an process based on UML for developing software product
lines. Other approaches for developing software product lines are: FAST (Family
Oriented Abstraction Specification and Translation) [30], PuLSE (ProdUct Line
Software Engineering) [31], S E | Péoduct Line Practice Initiative [1], KobrA [32] and
QADA (Quality-driven Architecture Design and quality Analysis) [33].

Regarding support tools, there are several tools for modelling features:
CaptainFeature [34], XFeature [35], FeaturePlugin [36], ASADAL/FORM for
supporting FORM approach [37], GuiDSL [38] (part of the AHEAD tool suite), the tool
for the RequiLine method [17] and FAMA [39] for automatic analysis of feature
models.

Other tools that support all the development process are: AHEAD Tool Suite [40],
GEARS tool [25], pure::variants [41] and XVCL tool [27].

2.3 Support Methods and Techniques for Requirements
Engineering in SPL

In order to apply a quality aware domain engineering in a SPL context, managing
requirements is a prerrequisite. This section tries to summarize some interesting
research works performed in the field of requirements engineering for SPL. These
works extend the classic SPL theory introducing new guidelines, best practices and
tool support.
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2.3.1 Aspect -oriented requirements for SPL

The theory of aspect-oriented requirements engineering for SPL has been developed
in [69] where the authors introduce a system for specifying functional and non-
functional requirements for software product lines with the support of simple aspect-
oriented mechanisms.

For the authors, like product-specific requirements, product line requirements are
also subject to similar problems resulting from crosscutting concerns, especially due
to non-functional requirements. Hence, the use of aspect-oriented mechanisms gives
similar benefits in localizing some crosscutting concerns. Furthermore, aspect-
oriented specification, coupled with parameterized requirements, can be used to
express non-functional requirements that are dependent on the product
configuration.

Following this approach, they use a DSL that enables functional requirements
elicitation using viewpoints (i.e. Actors) as higher level elements, going down to use
cases and concrete requirements. Once functional requirements have been
developed non-functional properties are weaved into the requirements using a
specific syntax.

This aspect-oriented requirements approach is integrated in an integrated system for
aspect-oriented product line requirements specification; namely, the weaver is being
implemented in the HATS [73] transformation system, which is integrated in the
latter framework.

WA

-
Aspect
Weaver
Behavior |——" ?‘ —
Models Aspects ’ “‘LJ ving

‘“\ Environment

Instruct luL‘ —( GLn erator Product
nst ions BY Re M
I ag . equirements
/ Values falues — q

Concern _..( ()thL\ll"’d[ ,,— Failure J—
Groups — Details -\T Configuration
I—— Constraint =

— ————! »  Parameter

e —— - . Solve r/ Values

Figure 2-2. Dataflow diagram of the aspect-oriented product line requirements
specification system

2.3.2 Concept analysis for SPL requirements

Based on aspect-oriented requirements engineering, concept analysis techniques for
SPL requirements [70] try to establish links between different functional and quality
requirements that enable easy detection of inconsistencies and trade-off analysis.
Links are established using use case scenarios (i.e. aspects) as the basic elements.
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To illustrate the concept analysis technique an e-commerce example is provided. The
functional and non-functional (quality) requirements of the shop are shown in Table
2-1.

Functional Requirements Profiles Quality Requirements
FRP1: navigate shop Q1: +U (positively contribute
FRPo: search product to usability)

FRP3: customize toolbox Qo: +A (positively contribute
FRP4: select language to accessibility)
FRPs5: monitor quantity Qa: —M (negatively contribute
FRPg: generate report to maintainability)
FRP7: create account

Table 2-1. Functional and quality requirements of the webshop example

Along with these requirements the following three scenarios are presented:

Scel: A user is able to navigate the media shop by categories, search the product,
customize her own toolbox, and select her native language (e.g., English, Spanish,
Japanese) for displaying the product and price information; usability is enhanced due
to navigation aids and customization capabilities, but maintenance is likely to
experience extra overhead.

Sce2: An administrator wants to monitor product quantities while navigating the
shop; he also wishes to customize toolbox for automatically generating the reports;
this makes the system easier for him to use and access.

Sce3: To support the accessibility requirements, the developer must create admin
account(s) and provide mechanisms for navigating the shop, searching the product,
and monitoring the quantities; these features will make further maintenance
troublesome.

Once scenarios and requirements have been defined we will establish a yes/no
relation between each scenario and each requirement (functional and non-functional)
using a simple table.

FRP Q
1 2 3 4 5 6 7 1 2 3
Sceq X X X X X X
Sceq X X X X X X
Sces X X X X X X

Table 2-2. Relation table between requirements and scenarios
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Using the latter relation table, a concept lattice is created. The concept lattice is a
structure that holds all the information of the relationship between elements of two
groups. The lattice will be created using the scenarios and the functional
requirements, putting in each level of the lattice the requirements related to a
different number of scenarios. This process is illustrated in Figure 6.

FRP Q

1 2 3 4 5 6 7 1 2 3

Scer D% X X x X
Scea | [ x X x

Sces || x x N X x x X

({FRP1, FRP2, FRP3, FRP4, FRP5, FRP6, FRP7}, @)

({FRP1, FRP3, FRP5, FRP6}, {Sce2})

({FRP1, FRP2, FRPS,
FRP7), {Sce3})

({FRP1, FRPS}, {Sce2, Sce3})

({FRP1, FRP3}, [Scel, Sce2})

({FRP1, FRP2}, {Scel, Sce3})

({FRP1}, {Scel, Sce2, Sce3})

Figure 2-3. Concept lattice creation process

Once the concept lattice has been created each of the nodes of the lattice is
categorized depending on the importance of each node to a particular quality
attribute. In the next figure the categorization of the latter lattice against the Q1
quality requirement is shown.

A node is categorized as (P D) A node is categorized as
Pertinent when it refers ™\ Irrelevant when it refers to an
to part of the scenario \1 : scenario set which the quality

set which the quality / - ] requirement is not related to at all
requirement is related to _ ™~ ({FRP6). {Sce2})

I's B
Irrelevant

Pertinent ” e
({FRP-II.lSCEIIJ\@ >_< | ({FRPT}, {Sce3})
| N )
Specific HH'“‘H\‘\/ Shared
({FRP3}, {Scel, Sce2}) | (y\ ({FRP5}, {Sce2, Sce3})
A node is categorized as A node is categorized as

Specific if it refers to the

([FRP2). {Scel, Sce3}) Shared when it refers to both

p

exact scenario set which the Relevant < scenarios related to the

quality requirement is related \9 quality requirement and other
to \(IFRPI}. [Scel, Sce2, Sce3)) scenarios not related with it

A node is categorized as Relevant if it refers to a
scenario set that contains all the scenarios related to the
quality requirement and also others not related to it

Figure 2-4. Categorized concept lattice
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By following this categorization technique for all the quality attributes we may locate
interferences between quality attributes.

2.3.3 RED-PL

The authors of the RED-PL (Requirements Elicitation & Derivation for Product Lines)
method [71] propose a new approach to requirements engineering in the context of
SPL. While most of the classic SPL practices constrain the requirements engineering
process to domain engineering practices, therefore leaving little room for specific
user requirements. The approach proposed by the RED-PL methodology supports a
higher degree of user-orientation and it uses a mathematic approach to help
requirement engineers to match and merge user specific requirements with existing
product line requirements.

.
Match & Merge ’l‘

Product
Requirements
engineer

Product Line Derive

Requirements

t

Stakeholders I
Requirements

Capitalize

Product I
Requirements

Product Line Elicit
Regquirements
] L]
engineer .
Negotiate
& Arbitrate —

Stakeholders

Figure 2-5. Overview of the RED-PL approach

The requirements matching technique uses similarity analysis methods and calls for
reformulation when conceptual mismatch issues are met. Two kinds of similarity
analysis techniques can be used: surface level and deep level. Surface level
techniques are based on lexical similarity: two requirements are considered similar
when they use the same term. Deep level technique uses a structural and a semantic
proximity. This allows identifying similar requirements, even though they are not
expressed using the same terms or using the same linguistic structures.

The RED-PL approach exploits the 30 generic similarity metrics developed by [72]
and adapted to Dice, Jaccard and Cosineos
iterative one that results in a merged collection of requirements that shall be
implemented in the product. Requirements merging is achieved by (i) fetching and
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mapping original stakeholdersod requirements
revising PL requirements with new ones, (iii) negotiating on whether to include
requirements in the derived product specifications, (iv) reformulat e t he st akehol
requirements model if a conceptual mismatch issue is met, and (v) re-iterate until a

sufficient level of detail is found.

3. Quality attributes

Variability and its management in software product lines have been studied but
traditionally the main focus has been on functional variability. On the other hand,
quality requirement variability in software product lines has not received so much
attention by researchers.

Software quality is the degree to which software possesses a desired combination of

attributes [42]. Those attributes can be operational or observable via execution:

Perf ormance, security, availability, usabi |l
not observable via execution: modifiability, portabili t vy , reusabilityé Qua
are also known as non-functional aspects or requirements. In some domains the

fulfilment of quality attributes is even more important that addressing functional
requirements. For instance, in embedded systems time or safety issues may be of

great importance and their modelling has even bigger complexity than functional
requirements modelling.

3.1 Importance of Quality attributes in software product lines

While working on domain engineering phase, all the requirements of the products

must be taken into account, including quality attribute requirements such as
perfor mance, reliability, usability, et c. H
product lines has primarily focused on analysis, design, and implementation to date

and only very few results address the quality assurance problems and challenges that

arise i n a r pt3].s i a caftwaree pradact line, quality attribute
requirements have also variability.

If in single-systems achieving quality attributes is sometimes a challenge, in software

product lines this challenge is complicated because there is variability on quality

attribute requirements and different quality constraints are required. For instance,

variable quality constraints are required due to variability on hardware: the storage

space, execution capability, screends di mens
different constraints. Tradeoff analysis of quality attributes is also more difficult than

in single-systems due to this variability and the exponential number of possibilities.
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The difficulty grows but the impact of not addressing quality attributes also does.
The consequences of not considering and managing variability in quality attributes
when designing a product line are not trivial, especially in embedded systems. If a

product l'ine 1 s developed without consi

variability, this product line will not cover all the products of the scope and will
probably not cover new products in the future. As a consequence, the investment for
developing the product line will not be cost-effective.

As conclusion, to develop a product |
attributes and their variability must be gathered and managed during domain
engineering, in section 4, a method is presented to perform quality aware domain
engineering.

3.2 Quality attributes in software product lines

Quality attributes in a product line can be classified in two different types [44]:
product-line quality attributes and domain-relevant attributes.

Product -line quality attributes are those that are inherent or specific to product-
lines to allow the architecture to be the basis for a set of related products as well as
future new products. These attributes are the ones related to variability or flexibility.
Assessing the variability of the product line platform ensures that using the product-
line platform is possible to get all the functionality of the products in the envisioned
scope.

Domain -relevant quality attributes (such as safety in safety-critical domain,
performance in real-time domain, reliability in embedded systems, etc.) are attributes
that are operational or observable via execution in the products. As different
products in the domain can require different values in the attributes (not all products
require the same level of security, etc.), variability in the way the attribute is
translated to the product is relevant for the assessment to assure that the realization
of all the quality attributes for all the products in the product-line scope is possible
with the product-line platform.
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[ AProduct Line quality attributes: To be the basis for
a set of related products as well as future new

i roducts.
F:Oﬂyt(;t It_lne P Modifiability (Variation overtime):
rehitecture Extensibility, Portability, Scalability...
Variability or
Flexibility ) . -
Configurability (Variation over space):
Reusability, composability,

interoperability...

ADomain-relevant quality attributes: Important

L quality attributes for the specific domain
Derivation
Performance, Safety, Security, Reliability,

\_ Availability, Usability ...

Quiality

Alevel of performance Attribute
Variability

B level of performance

Concrete architectures
of products

Figure 3-1.: Quality attributes in software product lines

The second type of quality attributes, the domain-relevant ones can have variability
that must be considered in domain engineering.

3.3 Quality variability

As mentioned before, one of the key aspects of software product lines is variability.
Variability and its management in software product lines has been studied but
traditionally the main focus has been on functional variability and quality attribute
variability in software product lines has not received so much attention by
researchers. In a product line, different members of the line may require different
levels of a quality attribute. One product may require a very high reliability whereas
in another product reliability is not important. There may also be products that have
the same functionality but differ in quality attribute levels. The idea of variations in
quality has been reported in different papers [15][45][46] and there are also some
approaches that address variability modelling taking into account quality attribute

variability. However, nt her e i s a | ack of
approaches to be able to integrate quality attribute variability as a part of the
systematic variability management of sof t warmrtated by oduct

Myllarniemi et al [45].

Moreover, different types of quality variability can be identified. NMemeld [46] defines
three types of quality attribute variability:

o Variability among different quality attributes. For example, for one family
member the reliability is important, but for other family members there are no
reliability requirements.
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o Different priority levels in quality attributes: For example, for one family
member the extensibility requirements are extremely high, whereas for others
those requirements are at the lowest level.

o0 [Indirect variation.: Functional variability can indirectly cause variation in the
quality requirements.

Specifying and managing quality requirements, their variability (all types) and their
relationship with functional aspects is necessary in software product lines.

3.4 Quality variability specification

In a product line, there are often products with varying levels of quality attributes. A
model where quality attribute variability is modelled as well as the impacts of
functional variants on quality attributes is indispensable to take the most adequate
decisions during design and derivation and get the required quality levels.

Seven modelling methods that address varying quality attributes have been
compared:

e Goal-based model [47]: This approach proposes to use goal-oriented analysis in
product lines. Goal-oriented requirement engineering is an approach that deals
with quality attributes or non-functional requirements in single systems. Two sub-
models are proposed: A functional goal model and a softgoal model. Quality
attributes are represented as soft-goals and the operation of those quality
attributes is encoded in the functional goal sub-model as tasks. Priorities are
given to each softgoal on a percentile scale to perform the analysis. And
correlations are used to represent the links among functional goals and softgoals.
Correlation links have different influence labels (--,-,?,+,++). Those qualitative
labels are converted to quantitative values: one value for satisfiability and another
for deniability.

e F-SIG (Feature-softgoal interdependency graph) [48]: The main goal of this
approach is to provide a framework to record design rationale in the form of
interdependencies of variable features and quality attributes. To do that a new
graph is proposed: F-SIG, a union of a feature model and a SIG (Softgoal
interdependency graph) [49]. In F-SIG explicit and implicit contributions from
features to quality attributes are modeled. To express the degree of influence,
correlations may also have a label (break:--, hurt:-, unkown: ?, Help: +, Make:
++).

e COVAMOF [50]: COVAMOF is a framework for variability modelling in software
product families. With this framework it is possible to model the variability on all
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layers of abstraction of the product family. This framework uses the CVV
(COVAMOF Variability View) which has two views: Variation Point View and
Dependency View. The CVV captures variability in the product family in terms of
variation points and dependencies. Quality attributes can be modelled with
dependencies, a dependency can specify a property that specifies the value of a
quality attribute such as performance or memory usage. Association is used to
associate variation points and dependencies.

Extended feature model [51]: Itisafeature model 6s extension to
functional features. A notation that extends feature models with attributes,
characteristics of a feature that can be measured such as availability, cost,

latency, bandwidth and relations among attributes is being proposed. Every

feature may have one or more attribute relations taking a range of values in

either discrete or continuous domains. It also provides automatic reasoning on

those extended feature models using CSP (Constraint Satisfaction Problems).

Definition hierarchy [52]: The hierarchy method is a logical AND tree where
topmost nodes are design objectives: architectural drivers and other quality
attributes that the system is supposed to fulfil. The other nodes are design
decisions and when an edge is between a design objective and a design decision
it shows that this requirement is (partially) satisfied by design decisions. Each
node in the definition hierarchy gets a priority that reflects the importance of that
node to support the intention of its parent. Priorities are product specific; they are
used as the mechanism to describe products in the definition hierarchy.

Bayesian Belief Network: Zhang et al. [53] proposed a Bayesian Belief Network
(BBN) based approach to quality prediction and assessment for a software
product line. The BBN is used to explicitly model the impact of variants (especially
design decisions) on system quality attributes. The feature model is used to
capture functional requirements and the BBN model to capture the impact of
functional variants on quality attributes.

Quality Requirements of a Software Family (QRF) method [54] of VTT captures
and maps the requirements of a product family in the family architecture by
analyzing the needs of business and technology development stakeholders and
the impact of these needs on the family architecture. The QRF consists of five
steps: Impact analysis, which is defined through a framework that enables to
define and negotiate requirements. In this step it uses the i* framework [55], a
graph called the Strategic Dependency mod
functionality requirements and quality requirements; Quality analysis, where
quality requirements are expressed in a way in which they can later be traced and
measured. In this step the quality requirements are prioritized (low, medium,
high); Variability analysis, where quality requirements that vary on the business
domain are defined. This variation is specified in the Strategic Dependency
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model; Hierarchical domain analysis is used to map common and variable QAs to
functionality (hierarchical service categories) and Quality Representation to
describe architecture in a way that quality requirements can be evaluated from
the architectural models. For this last step, two main means are used:
Architectural styles and patterns and a NFR (Non-Functional Requirements)
framework to carry out a trade-off analysis and select the style that meets the
Quality Requirements best; and profiles to extend the architectural models to
support certain quality aspects.

These modelling approaches have been analyzed to see if they cover several
requirements that we consider important for modelling quality attribute variability:

Automatic reasoning: Different reasoning tasks should be interesting: get an
approximate value or level for several quality attributes starting from a set of
functional requirements, detect impossible configurations starting from a set of
functional and quality requirements, detect conflicts among quality attributes and
provide help to do perform a trade off analysis...Due to the complexity of this
analysis and reasoning, it is advisable to make it automatic. To achieve automatic
reasoning artificial intelligence techniques are need. Three well known problems
in the area of automated reasoning are Constraint Satisfaction Problems (CSP),
Boolean Satisfiability Problems (SAT) and Binary Decision Diagrams (BDD) [56].

Quality attribute characterization: Quality attributes have vague definitions. In
different domains, one quality attribute may not mean exactly the same or
different names are used for the same concept. So it is necessary to specify and
make quality attributes more concrete. A mechanism for describing and
explaining a quality attribute adequately must be provided: A structure where a
quality attribute may be explained through refinement of different levels.

Optionality: In one product one attribute may be important and in another one
this attribute may not be required. So this attribute is optional in the product line.
This variability must be represented and not only at product level. It is not
enough to specify the range of options when deriving products.

Levels: Different priority levels in quality attributes are need. For example, for
one family member the extensibility requirements are extremely high, whereas
for others those requirements are at the lowest level. However, quality attributes
are not easy to quantify due to their nature, only more concrete concepts
(refinement results) may be quantified. It is necessary to provide a way to define
different levels (high, medium, low) at quality attribute high level and map those
levelstomorec oncrete concernsod values.

Quantitative and qualitative: Indirect variation must be represented with
gualitative and quantitative impacts and means must be provided to quantify
gualitative influences to be able to do an automatic analysis.
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e Group impacts: There are some types of influential relationships that must be
addressed, for instance, the influence of a group of variants. The impact of two
variants together is not always the sum of the individual impacts of those two
variants alone. For instance, in some applications the price of some packages that
have several features or options together may be cheaper that buying all the
features separately.

None of the evaluated approaches meets all the identified requirements (see Table
3-3). In the paper [57] can be found a more completed analysis of some of the
methods.

7able 3-3: Evaluated methods

Requirement Automatic QA Optionality at Priority levels Quantitative Group impacts
reasoning characterizatio PL level and Qualitative

Approach n

Goal-based model Yes Yes No No Yes No
F-SIG No Yes No No No No
COVAMOF Yes No No No Yes Yes
Extended FM Yes No No No No No
Definition Hierarchy No Yes More or less No Yes No
BBN Yes No No More or less Yes Yes
QRF No More or less Yes Yes No No

No modelling approach meets all the identified requirements. As a conclusion a new
approach or an extension of an existing approach could be interesting to address all
the identified requirements to model variable quality attributes.

Other approaches to be considered are aspect-oriented requirements approaches for
SPL (previously explained): [69] which proposes aspect-oriented specification,
coupled with parameterized requirements, to express non-functional requirements
and the concept analysis for SPL requirements method [70] which tries to establish
links using use case scenarios (i.e. aspects) between different functional and quality
requirements that enable easy detection of inconsistencies and trade-off analysis.
However, they do not meet all the desired requirements either.
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4. Quality aware product line domain engineering
methodology

In this chapter, a method for modelling and managing variability (functional and
quality) is presented. This helps to validate the quality in the line and facilitate
quality aware product derivation.

Quality assessment in a software product line becomes essential because an error or
mismatch in a reusable asset can be propagated to a lot of products. It also posses
some challenges that are not present in single-systems evaluation due to the
inherent variability of a software product line. In a software product line, traditionally
the focus has been on functional variability and the evaluation of product-line quality
attributes such as extensibility, modifiability, etc.: whether the line covers all the
functionality of the envisioned products in the scope. However, checking whether all
the products meet the required levels of Domain-relevant quality attributes has been
neglected, especially when those attributes have variability. In a software product
line, different members of the line may require different levels of a quality attribute.
One product may require a very high reliability whereas in another reliability is not
important. In this context, one of the possible strategies for evaluation is to assess
all the products. However, this strategy may not be worthwhile due to the high cost.
The method presented in this chapter deals with capturing and managing domain-
relevant quality attributes variability to facilitate quality assessment in software
product lines in a cost-effective way.

The method uses an extended feature model to gather the variability at different
abstraction levels (requirements, design and implementation); including functional
and quality attribute variability and the relationship among functional variability and
quality aspects. The method is completed with a process for specifying that model
and perform quality validation as well as for facilitating quality aware product
derivation.

The Figure 4-1 illustrates the process in the product line lifecycle proposed by [58].
The proposed method is performed in concurrence with traditional activities of
product line development such as analysis, design and implementation.

April 2010 Page 23



Quality Aware Product Line Domain Engineering Method eDIANA: GA no.: 100012
D2.1-E

Domain Engineering

Domain = Domain Analysis
knowledge

Domain Design Domain

Af‘chltect Implementation
ure (s)

Domain
model

Variabilityspecification

Requirement Design Implementation
variability variability variability
analysis analysis analysis

Functional and quality Augment with Architectural Augment with Implementatio
specification features and evaluation features and and evaluation features and|
and impacts impacts impacts

Create Generig
evaluation

Derivation
New
requirements

Support for Evaluate products

Derivation nglltx and detect
Validation interactions

Augment with
IR (crivation features:

Ievelg and quantify -domain-specific languages
impacts -generators

N —components
Custom
Custom
. Develop
. Design ment
%ual;z;\g’r?{; Design Integration
qu - Analysis and Test Product
and quality analysis htures Product
aspects configuration
Feedback

Application Engineering

Figure 4-1: Quality aware Software Product Line development method

During domain engineering the extended feature model is specified and this model
will help during quality validation and product derivation. For validating the
fulfilment of operational quality attributes of the line it is necessary to create a
generic model and/or derive some designs or products to evaluate them and
extrapolate the results to the line. Validation results are used to add information to
the extended feature model and allow a product derivation taking into account
quality aspects.

The phases of the method are the following ones:

e Quality variability specification: In this phase the variability model (the
extended feature model) is built. This model gathers the variability at different
abstraction levels: functional and quality requirement specification, variant
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design and implementation decisions, as well as evaluation features. The
model allows relating functional features to quality attributes.

e Quality validation: In this phase, the product line is validated to see if key
quality aspects of the products are met. To make the validation in a cost-
effective way, a generic evaluation model is defined (with variability, valid for
every product of the line) and/or some key products are selected and
evaluated in order to extrapolate the results to the line (an algorithm for
selecting the minimum number of products in order to be able to extrapolate
the results is used)

e Quality driven product derivation: First, the extended feature model is
augmented with the results obtained during validation (derivation features
that give information about quality attributes). Afterwards, the products are
derived (in application engineering) taking into account the influence of
functional, architectural and implementation features into quality of the
product.

In the next subsections, each of the phases is explained.
4.1 Quality variability specification

The Quality variability specification is the first step to assure that all the required
levels of quality in all the products are achieved in the line. For that, all types of
quality variability must be considered.

Although quality attributes fit in the definition of feature [7], quality attributes have
different and imprecise meanings depending on the domain [59] and a means for
eliciting and refining quality attribute requirements is needed (quality attribute
characterization).

For this reason, the feature model has been extended with mechanisms from ATAM
(Architecture Trade-off Analysis Method) evaluations [59] for representing quality
attributes, their variability (optionality and levels) and the influence on quality of the
functional, architectural and implementation features (indirect variation). In order to
capture all the variability of a product line, the FeatuRSEB [10] approach has been
integrated with an extension of the utility tree [59] that is used in the software
architecture evaluations. The extended feature model [60] includes both functional
and quality aspects and is used as a central element to capture the variability during
the entire life cycle including design or implementation.

Quality features of the model characterize quality attributes, concerns and scenarios
(as stated in the utility tree) but also any other concept that can facilitate
characterization, evaluation and derivation of quality in software product lines (such
as quality levels used mainly with derivation purposes). See Figure 4-2 for an
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example. This approach is similar to Ol u mo f(HoRL&A) [61] proposal of
introducing variability in the utility tree. We extend this approach to also address
other quality variability types (such as indirect variation).

=l # Perfarmance
=l ® Fast enough action of the game (no blurring)
® £ refresh every tenth of a second
=l & Usahility
= A
8 Sound suppork
B Attractive graphics

Figure 4-2: Characterization of Quality features

Different types of variabilities are considered as follows:

e Optionality: The quality features can be optional, alternative or mandatory (as
other features).

e Quality attribute levels: Levels can be defined in quality features.

e Indirect variation: the concept of impact (see Table 4-1) has been introduced
in the feature model to explicitly define impacts among functional variants and
quality aspects. Those impacts can be qualitative (defined by experts) or
quantitative (resultant from evaluations).

Table 4-1: An extract of qualitative impacts
(Legend: -- A very negatively, - A negatively)
Feature |Impact |Quality feature

Brickles |- A refresh every tenth of a second

Mobile |- - A refresh every tenth of a second

Other alternative can be to use aspect-oriented requirements engineering
approaches such as the concept analysis for SPL requirements method [70]
(previously explained) instead of feature-based approaches.

4.2 Quality Validation

The goal of the evaluation is to ensure that the required quality levels for all the
products are achieved in the software product line.
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In order to reduce the evaluation effort, two approaches are proposed:
e Reuse evaluation model: Create a generic evaluation model.

e Reduce evaluation scope: Reduce the number of products or designs to
evaluate (product selection).

Both alternatives can be complementary. For instance, first a generic evaluation
model can be created and afterwards the selection of products applied. This way, if
instantiating the variability of the generic model and performing the evaluation is
time-consuming, only a subset of products is evaluated, reducing efforts.

Which approach to apply, depends on the case, the quality attributes to evaluate, the
evaluation moment, and so on. Sometimes, the construction of a generic evaluation
model is not viable in a cost-effective way. In these cases, the selection of the
products is the best option. If the product line is already implemented, the selection
of the products to measure quality attributes via execution is also a good alternative.

1. Construct Generic 1. Select Products
Evaluation Model and instantiate
Product Line
Architect Generic -
rehitecture model or Product Line

Generic Infrastructure
I_I;l> model
I" ‘\\x\
‘. .

g

é ! ! :
PL P2 P3 P4 Pn PL P2 P3 P4 Pn

. m products (m=n) m products (m<n)
TN
3. Evaluation
I Evaluate m products lm n
If more
| products

I Detect interactions, quantify impacts I needed

I Analyze results: check limits l

[
v

‘ 4. Add derivation features ‘

Figure 4-3: Quality evaluation process

Starting from the extended feature model with the evaluation features and impacts
(see Figure 4-2 and Table 4-1), two alternative steps can be performed at the
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beginning: to create a generic evaluation model for all the products of the line or to
select the most representative products to evaluate. Next, the evaluation model can
be instantiated for all the products or for a subset of products (applying the selection
of products). This way, it is possible to analyze the range of quality values of all the
products of the line (see Figure 4-3). In the following subsections the main activities
for the proposed quality evaluation process are explained:

1. Construct generic evaluation model

We propose the construction of a generic evaluation model, an evaluation model with
variability so that any product of the line can be evaluated with this model.

The quality attributes to evaluate must be selected; most probably not all the quality
attributes of the feature model need to be evaluated, but a subset of them. And the
most appropriate method(s) for evaluating the selected quality aspects must be
selected (from existing evaluation methods in academics and industry).

A generic evaluation or estimation model must be constructed for each quality
attribute under evaluation. The model to construct depends on the selected
evaluation method.

2. Select prod ucts

From all the products of the line, a subset is selected applying an algorithm to reduce
evaluation costs.

The impacts gathered in the extended feature model are the input for selecting the

products to evaluate. An impact can be understood as a feature interaction (a

functional, architectural or implementation feature or a set of features that modify a

quality feature) following the definition of [62]: AA feature interacti:
one or more features modify or influenc e ot her Tlieadegtee depeadd on

the number of features involved in an interaction. In a degree-1 interaction, one

feature cause a variation in a quality feature. In a degree-n: n features interact with

a quality feature: Interact (f1,f2,f3, €, dfy).

The product selection algorithm selects products with different variants, to evaluate
those products and compare the results. First of all, the extended feature model is
transformed into a set of flat lists (the features that impact on the selected quality
aspect(s) are identified, the variants of those features are transformed to a list of set
of variants and dependencies are eliminated).

The number of products to evaluate depends of the desired precision or expected
interaction degree (detect degree-2 interactions, degree-3, degree-n € ) . For
detecting degree-n interactions, for each feature that impacts on the quality aspects,
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the algorithm helps to select the minimum number of products to cover all the
possible combinations of n variants of those features.

The number of products to detect degree-n interactions when NumFeature features
impact on a quality is the following:

NumFeature-(d-1) -
NunProducts= > €umOptionsf ,n)— NumOptionsf —1,n-1)
f=1

n:interactionDgree

f . featureNurper

NumFeature: NumberOfFatures
nv, : NumberOfVigantsOf Afeature

int NumOptions (feature f, degree n)

{
If (g==1) return (nv;);
else return (nvi * NumOptions (f+1,n-1));

}

3. Evaluation

In this phase, the instantiated evaluation models or the products are evaluated or
measured and the evaluation results for those products are compared to detect
interactions and quantify impacts.

Once the impacts have been quantified, the results are analyzed: check whether all
the quality requirements (mandatory, optional or alternative) are met and decide if
redesigning is necessary; For instance, the evaluation of products in the limits helps
to assure that mandatory scenarios are met in all the products. While analyzing the
results, it must be possible to assure that the range of values for the selected quality
attributes can be reached in the products of the line.
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4.3 Quality driven P roduct Derivation

After evaluation, the results of evaluation and the quantified impacts can be used for
augmenting the extended feature model with information that will be useful during
product derivation.

=l @ Usability

= A

Sound support (30)
B Atkrackive graphics (700
O High usability

Mediurn usability

Lo usabiliky

Figure 4-4.: Example of levels

In this phase, levels can be added to quality aspects to facilitate quality aware
derivation afterwards. These levels are defined depending on the required precision
and existing impacts. An example of levels is the following: Low usability [0-33),
Medium usability [33-66), High usability [66-100] (see Figure 4-4). This information
together with the quantified impacts helps to guide requirement analysis during
application engineering (using tool support): when selecting features during
derivation, the usability value can be calculated and the corresponding level selected
automatically. And the other way round, the required usability level can be selected
(High usability) and the required features will be selected and the impossible options
will be disabled in order to achieve that level.
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5. Conclusion s

Embedded systems (such as eDIANA where a great level of reuse, and variability is
foreseen) are favourable to be developed by software product lines methodology due
to their features; similar products with variable features (hardware and/or software).

Software quality, the degree to which software possesses a desired combination of
attributes such as performance, security, availability, usability, modifiability,
portability, reusab i | iistvegry@mportant in embedded systems (and in eDIANA).

To develop a product I ine that addresamkes t he
their variability must be gathered and managed during domain engineering, the

phase known aseldided edmmod mfrastructure and reusable

assets are developed.

For addressing this need, this document presents a method for performing domain
engineering phase in the development of a software product line taking into account
quality aspects.
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