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ABSTRACT
Quality of software is one of the major issues in soft-
ware intensive systems. Quality is especially important 
in software product families that exploit the same archi-
tecture and components in a set of products. Therefore, 
the aim is to evaluate quality of software as early as pos-
sible, i.e. from the descriptions of software architecture. 
Some quality properties can be evaluated in the devel-
opment phase, such as maintainability and extensibility. 
They are called evolution qualities. Others, like reliability 
and performance, are intertwined with the functionality 
of a system and thus observable only at run-time. In or-
der to evaluate quality at the architectural level, quality 
properties have to be defi ned and represented in architec-
tural models, derived from requirements specifi cations of 
a product (family). Current modelling approaches do not 
support representation of variability and quality require-
ments, or traceability of quality from requirements to de-
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signs and code. Our contribution is the QADA® (Quality-
driven Architecture Design and quality Analysis) meth-
odology that provides a set of methods and techniques to 
develop high-quality software architectures for system 
families. The methodology is fi rst of all targeted at the 
development of service architectures, applied in distrib-
uted networked systems.

INTRODUCTION
During the last decade, industrial companies have been 
intensively applying software family engineering (SFE) 
in order to shorten time to market, decrease development 
costs and increase the quality of software products. The 
core idea in SFE is to use as much of the same software 
assets as possible, i.e. requirements, architecture, compo-
nents, test cases, etc., in all family members. The adop-
tion of the SFE approach involves, however, not only re-
markable investments, but also changes in the work or-
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ganisation and in the use of special development meth-
ods and techniques. Thus, a company intending to apply 
SFE in software production should investigate the bene-
fi ts, preconditions and constraints entailed in the appli-
cation of SFE, evaluate the maturity of existing architec-
tures and estimate which kind of software family archi-
tecture best suits a company. 

Model-driven software architecture development focuses 
on models as primary software products. Modelling is less 
risky, cheaper and an easier way to understand a complex 
system than the traditional way of writing source code. 
This, however, requires models to be of a high quality, 
i.e. understandable, accurate, predictive and inexpen-
sive. Architectural views form the basis of design meth-
ods. The architectural description is organised by views, 
which conform to the viewpoints selected. A viewpoint 
covers one or more concerns of one or more stakeholders 
who are interested in the software architecture. 

Nowadays, the notion of software architecture has 
emerged as the appropriate level for dealing with soft-
ware quality. Efforts towards the systematic use of ar-
chitectural styles and design patterns contribute, in an 
informal way, to guaranteeing the quality of a design. 
The purpose of the evaluation is to analyse the architec-
ture to identify potential risks and verify that the qual-
ity requirements have been addressed in the design.

Architectural styles and patterns are reusable designs 
applied in many contexts and utilised to achieve quali-
ties. The style is determined by a set of component types, 
the topological layout of the components, a set of se-
mantic constraints and a set of connectors. A style de-
fi nes a class of architectures and is an abstraction for a 
set of architectures that meet it. An architectural pat-
tern is a documented description of a style or a set of 
styles that expresses a fundamental structural organi-
sation schema applied to high-level system subdivision, 
distribution, interaction, and adaptation. Design pat-
terns, on the other hand, are on a lower level. They re-
fi ne single components and their relationships in a par-
ticular context. 

DEVELOPMENT OF SOFTWARE FAMILY ARCHITECTURES
The QADA® contributes software family engineering by 
providing:
• a method to select an appropriate family architecture 

approach,
• a method to capture and map requirements to the 

family architecture,

• a method to evaluate the maturity and quality of the 
family architecture, and

• a technique to represent variation points in the fam-
ily architecture.

Software family engineering can be applied, for exam-
ple, by an internal platform, a platform product, packages 
services, product variants and confi gurable product fam-
ily base or by different combinations of the above men-
tioned approaches. In order to make the decision of which 
approach to select, a company has to evaluate their cur-
rent status as regards business, architecture, process, and 
organisation. The FAS (Family Architecture Selection) 
method includes the following steps:
• First, the benefi ts achieved by a product family are 

estimated by considering business issues, such as 
business fi eld, size and type of a product family, 
quality and variability management.

• Second, the current state is evaluated by assessing 
how domains are utilised in architecture develop-
ment and how architectural knowledge is represent-
ed and managed. When the present state is known, 
success factors are identifi ed and their importance is 
ranked. 

• Third, the benefi ts are estimated considering invest-
ments and potential of the different family architec-
ture approaches. 

• Finally, the family architecture approach is selected 
based on potential benefi ts, alternative strategies and 
the criteria set for the application of these strategies.

The QRF (Quality Requirements of a software Family) 
method captures and maps the requirements of a product 
family to the family architecture in the following ways: 
•  Impact analysis focuses on those requirements that 

business stakeholders, i.e. customers and systems’ us-
ers and company’s business managers, have an impact 
on. Requirements are captured from market forecasts 
and customers’ needs collected by interviews.  Mar-
ket segments defi ne the business domains, which the 
product family has to cover. The purpose is to set the 
scope of the product family, identify new potential in 
the markets and defi ne special requirements for ex-
tensibility and changeability of business domains.

• Variability analysis focuses on variation dependen-
cies on the business or stakeholders, and separation 
of commonality and speciality of variations. Produc-
tion staff has tacit knowledge about the issues related 
to product development organisation, e.g. third party 
component or software providers and production fa-
cilities.
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• Quality analysis aims at the separation of quality 
concerns related to business, constraints and func-
tionality. Domain experts, who represent the devel-
oper organisation, the customer organisation or both, 
can give additional information about the special re-
quirements of a domain related to quality and exe-
cution environments. Domain standards and regula-
tions set requirements and constraints that have to 
be considered in a specifi c domain.

• Hierarchical domain analysis uses the clustering 
technique for grouping functional requirements to 
service categories, domains, sub-domains and func-
tional properties defi ned as responsibilities. Techni-
cal standards, existing products and existing knowl-
edge of the product developers are also utilised in 
categorising the domains to be covered by the fami-
ly architecture. In order to trace requirements also a 
source of a requirement, variability and related busi-
ness domains and qualities related to functionality 
have to be defi ned. As a result, there are service cat-
egories, their capabilities and quality requirements 
related to each category of services. Based on these 
categories, also variation between family members is 
defi ned. The business and product drivers, captured 
from the visions and strategic plans, and by inter-
viewing business managers, are transformed to the 
drivers of the family architecture.

The FAE (Family Architecture Evaluation) method is used 
for evaluating the maturity and quality of a family archi-
tecture by the following steps:
• Structural interviews. The technical and manage-

rial personnel involved in the family architecture 
are interviewed by asking questions defi ned as an 
evaluation criteria framework.  The number of ques-
tions is limited by setting a maximum time of two or 
three hours for the interviews. The evaluation cri-
teria support a classifi cation of questions into three 
categories: business, domain and technology related 
to the development and maintenance of product fam-
ily architecture. Depending on the size of a compa-
ny, these categorised issues are covered by different 
stakeholders: business managers, research and de-
velopment managers operating in specifi c domains 
and product family architects. 

• Review/inspection of architectural artefacts. The 
aim of review is to gain an understanding of the kind 
of product family approach that a company is apply-
ing. If the architecture is documented and the doc-
umentation is up-to-date, architectural descriptions 
provide the best source for architectural evaluation. 

If the architectural documentation is up-to-date and 
available it is reviewed. The purpose of the review 
is not only to gain insight into the product fami-
ly architecture, but also to propose improvements if 
needs are identifi ed. 

• Analysing results. In the analysis phase, the results 
from interviews are collected and reformulated into 
a comparison framework. The comparison frame-
work reorganises the questions of the interviews in 
a way so that they match the aspects of the family 
evaluation framework used in the next phase. Rele-
vant questions connected with the relations between 
business and architecture, architecture and process, 
as well was architecture and organisation are also 
classifi ed. 

• Benchmarking. An evaluation framework construct-
ed from the comparison framework and the levels 
and aspects of the family architecture, is used to de-
fi ne the maturity level of the family architecture. 
Based on the evaluation results, the chief family ar-
chitect can defi ne future improvements that assist in 
achieving higher quality of the family architecture.

An important aspect of family architectures is variation 
among products. A variability mechanism is a wide range 
of generalisation and specialisation techniques. Different 
variability mechanisms can be used: inheritance, uses, 
extensions, parameterisation, confi guration and genera-
tion. Nevertheless, variation is diffi cult to model in ar-
chitectural descriptions. UML models provide the means 
to use specifi c variation mechanisms to describe hierar-
chical systems, i.e. the ways to decompose systems into 
smaller subsystems. However, the UML standard does not 
support a description of variation, and therefore, a new 
profi le has been defi ned including the modelling con-
structs for representing variation as an integral part of 
the structure, behaviour, and deployment of a family ar-
chitecture.  The profi le uses tagged values and stereo-
types for refi ning UML by its built-in extension mecha-
nisms.

QUALITY-DRIVEN ARCHITECTURE MODELLING
The QADA® contributes the model- and quality-driven 
architecture development in the following ways:
• a stakeholder-based defi nition of architectural view-

points,
• a set of predefi ned views that use a set of diagrams 

for representing a view of architecture, and
• a technique to map quality requirements to architec-

tural views and represent the quality properties in 
the architectural diagrams.
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Architecture is used for communication in order to gain 
an overview of software architecture and its components, 
classify components into generic and specifi c categories, 
describe responsibilities and context of components and 
consider the appropriateness of architecture, i.e. business 
and technical issues. Moreover, architecture provides a 
means for communication in order to prioritise quality 
attributes and the reasoning of them, evaluate how qual-
ity requirements are achieved and understand and inte-
grate third party components. Architecture is also es-
sential in the management of the team-members by al-
locating and understanding the work division, mapping 
responsibilities to services/components and vice versa, 
mapping functional and quality requirements to compo-
nents/services, and clustering the components to be de-
veloped into potential technology domains. 
 
An architectural view is a representation of a whole sys-
tem from the perspective of a related set of concerns. In 
the literature, there are several approaches to the design 
of software architecture that concentrate on different 
views of architecture. Among these approaches there is 
no agreement on a common set of views or on ways to de-
scribe the architecture. This disagreement arises from the 
fact that the need for different architectural views is de-
pendent on, at least, three issues: system size, the domain 
and the stakeholders. System size and domain have an 
impact on the amount of different stakeholders. Our fo-
cus is on service architectures and the viewpoints need-
ed in modelling service architectures. Thus, there are 
four viewpoints for both levels of abstraction, concep-
tual and concrete similarly named: structural, behaviour, 
deployment and development. These viewpoints embody 
the quality of service architecture and a service devel-
oped using it. Qualities are visible at the architectural 
level only through the architecture documentation, i.e., 
views, models and diagrams and notation used in them, 
as well as reasons behind the design decisions, i.e. de-
sign rationale.

Quality requirements are represented in the architecture 
in two ways: through styles and patterns used and quali-
ty requirements mapped to architectural elements. Styles 
and patterns support different qualities. Therefore, their 
selection is based on which qualities are considered the 
most important for the family architecture and which 
quality each style and pattern supports. An architect can 
use the stylebase to get information about the quality 
properties of each style and pattern and make a decision 
based on that information. Some quality requirements 
have to be presented in the architectural models by add-

ing quality requirements to the elements of the structur-
al view of the architecture. For example, reliability and 
availability requirements are defi ned with requirement 
identifi cation numbers and numerical values for avail-
ability, failure rate, fault treatment, and data correctness. 
This information is used in architecture evaluation.

QUALITY EVALUATION
The QADA® contributes in architecture evaluation by 
providing:
• a method to evaluate modifi ability and reusability of 

a software family architecture,
• a method to evaluate maintainability and portability 

of a software family,
• a method to evaluate integrability and extensibility 

of a system family architecture, and
• a method to predict reliability and availability on the 

software architecture level.

In the initiation of a software product family, the main 
focus of quality evaluation is on the evolution qualities, 
such as reusability, modifi ability, maintainability and 
portability. Evaluation is based on scenario-based anal-
ysis methods, i.e. evaluation scenarios are defi ned when 
quality requirements are defi ned, they are taken into ac-
count while architecting and evaluation is based on ar-
chitectural models.  The main steps in scenario-based 
quality evaluation are:
• Evaluation scenarios are categorised by deriving re-

use and change categories from the business and 
problem domain and identifying categories of main-
tenance tasks. This step defi nes the desired reuse 
level and scope by defi ning which parts of software 
should be 3rd party components, i.e. plug-in prefab-
ricated structures and code components, and which 
parts of the software are developed by itself. The step 
also defi nes what change and maintenance tasks are 
specifi c for the product family.

• Evaluation scenarios are created based on the catego-
ries defi ned above.

• Each evaluation scenario is weighted by defi ning 
the probability of occurrence in a certain time pe-
riod. 

• The effects of the scenarios on the architectural el-
ements are evaluated resulting in an evaluation re-
port. Scenario interaction, i.e. which scenarios affect 
the same component, is also represented and possible 
problem areas to be refi ned are summarised. 

• If no refi nement is needed, evaluation results are 
compared to the quality requirements defi ned for the 
product family.
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The IEE (Integrability and Extensibility Evaluation) meth-
od assists in adding new features to the family members 
and identifying possible problems related to the 3rd party 
components to be integrated with the product family. The 
IEE method includes three parts: quality goal and crite-
ria defi nition, modelling for evaluation and evaluating 
integrability and extensibility from architectural mod-
els. Defi nition of the quality goals and criteria follows 
the steps of the QRF method. Modelling focuses on using 
styles and patterns that support integrability and exten-
sibility and defi ning the extensibility points in the archi-
tectural models. The evaluation uses the following meth-
ods and techniques:
• Architecture mismatch analysis is adapted to the 

model-driven architecture development.
• Dependency and extensibility analyses are applied 

to evaluating dependencies between features and 
components and checking that the desired points 
for extensions are defi ned in the architectural mod-
els.

• Confl icts and trade-off analyses are applied to iden-
tify needs for compromising on contradictory qual-
ity requirements.

The RAP (Reliability and Availability Prediction) method 
assists in evaluating software reliability and availability 
from the architectural model.  The method has the same 
three parts as all quality evaluation methods: defi ning 
quality requirements, representing quality requirements 
in architectural models and evaluating quality against 
defi ned quality criteria. In defi ning quality goals and cri-
teria, the existing methods and frameworks are used for 
eliciting R&A requirements. Thereafter, the R&A require-
ments are negotiated and trade-off is made. In the sec-
ond phase, the QADA®’s model-driven approach is applied 
and quality requirements are mapped to models by using 
a RAP-specifi c notation and tool extension. The evalua-
tion phase includes quantitative and qualitative analy-
ses supported by an analysis tool developed for that spe-
cifi c purpose.

USE OF DESIGN KNOWLEDGE  
The QADA® contributes the style- and pattern-based ar-
chitecture design by providing:
• a stylebase, including a set of styles and patterns to 

be used by architects,
• a technique for transforming an architecture from 

one style to another according to the changed qual-
ity requirements, and

• patterns for documenting architectural descriptions 
and software components.

The main purpose of the stylebase is to help an archi-
tect to select an appropriate style and patterns that sup-
port the quality attributes defi ned for the (family) archi-
tecture. Moreover, the stylebase is utilised in transform-
ing the architectural models from the existing style to 
another when quality requirements are changed. In the 
context of a product family, family members may have 
different quality requirements, i.e. there is variation also 
in qualities. The stylebase provides uniform information 
about the styles and patterns. Recent realisation consists 
of the name of the style/pattern, a reference to the litera-
ture, quality attributes supported, component types, com-
ponent roles, connector types, data topology, control to-
pology, purpose, diagram name, abstraction level and op-
tional rationale. The stylebase has been applied to mod-
elling and evaluating a distribution service platform. We 
have also developed a distributed development environ-
ment, in which the stylebase is stored on a server in order 
to be used by several architects with a diversity of mod-
elling tools. 

The model transformation technique is used by an archi-
tect who evaluates the properties of the current architec-
ture comparing it to the defi ned quality requirements. If 
there is mismatch, the architect retrieves from the style-
base the styles and patterns that match to the quality re-
quirements of the target product. After considering and 
comparing the qualities of each candidate, the architect 
selects the style/pattern to which the transformation is 
made. Transformation is based on the source model and 
the rulebase that defi nes admissibility and feasibility 
rules for the transformation. The Q-TRA (Quality-driv-
en architecture TRAnsformation) tool performs the trans-
formation automatically or semi-automatically using the 
mappings defi ned by the Q-RDL, Quality-driven Rule De-
scription Language. The approach has been demonstrat-
ed, but extensions and improvements are needed because 
each transformation requires its own rules and exception 
handling is still inadequate.

Documentation is important especially in the develop-
ment of software product families. Architecture docu-
ments are used for:
• sharing the vision of a software system,
• supporting communication between different stake-

holders,
• sharing architecture between developers and devel-

opment organisation(s),
• tracking design decisions,
• training and tutoring novices, and
• storing knowledge of the architecture for others’ use.
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Component documentation is used for knowledge sharing, 
advertising components, proofi ng the quality of compo-
nents, and explaining the purpose of a component. Com-
ponent documentation also assists in component selec-
tion, integration and adaptation. 

Due to the above purposes we have developed documen-
tation patterns for architecture and components. Archi-
tecture documentation pattern defi nes how to document 
requirements for architectural development, which dia-
grams have to be used for each view of architecture, what 
else has to be documented and why these things are need-
ed. However, the documentation needs depend on the or-
ganisational context where the architecture documenta-
tion is used, and thus, the pattern has to be adapted to the 
usage context. 

The standard component documentation pattern defi nes 
the basics of the component, i.e. purpose, interfaces, con-
fi guration and compositions, functional and quality prop-
erties and constraints. It also defi nes what detailed infor-
mation about technical properties, implementation, re-
striction and delivery is required. Acceptance informa-
tion including test results assist in repeating tests when 
component evaluation is made. Support information helps 
installation, trouble shooting and tailoring of a compo-
nent. Documentation environment with a set of integrat-
ed tools has also been demonstrated.

MORE INFORMATION
About QADA®: http://www.vtt.fi /ele/research/soh/proj-
ects/qada/index.htm
About the FAMILIES project: http://www.vtt.fi /ele/re-
search/soh/projects/families/index.htm
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