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Abstract. This paper presents extension of MDA called Context-aware Quality
Model Driven Architecture (CQ-MDA) which can be used for quality control in
pervasive computing environments. The proposed CQ-MDA approach based on
Contextual ArchRQMM  (Contextual ARCHitecture Quality Requirement
MetaModel), being an extension to the MDA, allows for considering quality
and resources-awareness while conducting the design process. The main idea
of presented extension consists in three abstractions levels: PIM (Platform In-
dependent Model), CPIM (Contextual Platform Independent Model) and CPSM
(Contextual Platform Specific Model). At the PIM level, a model decomposed
into a two interrelated models: software architecture artifacts, which reflect
functional requirements and quality model. At the CPIM level a simultaneous
transformation of these two models with contextual information details is elabo-
rated and then refined to a specific platform at the CPSM level. Such a proce-
dure ensures that the transformation decisions should be based on the quality
assessment of the created models.

Keywords: MDA, Context, Quality Model, ADL.

1 Introduction

Model Driven Approach (MDA) [S] has been proposed by the OMG (Object man-
agement Group). The basic models of MDA are entities able to unify and support the
development of computer systems by providing interoperability and portability. MDA
approach does not address how to consider non-functional demands, i.e. how to repre-
sent and transform them.

In this paper, we present an extended Model Driven Architecture which includes
support for software architecture quality control and resources requirements changes,
in the framework of CQ-MDA (Context-aware Quality Model Driven Architecture).
Some other works concentrate only on quality system architecture or context-aware
system architecture [9, 10]. Our approach focuses on separation of two concerns: the
architecture and the implementation contexts. This enables us to support them with

M. Ali Babar and I. Gorton (Eds.): ECSA 2010, LNCS 6285, pp. 441 2010.
© Springer-Verlag Berlin Heidelberg 2010



442 A. Alti, A. Boukerram, and P. Roose

the elaboration of quality model explicitly and to facilitate the system architecture
quality control with the continuous evolution of its context.

We have previously introduced the ArchROMM (ARCHitecture Requirement
Quality MetaModel) [3] to address a serious gap in architectural styles quality control.
ArchRQMM extend the common concepts of Architecture Description Languages
(ADLs) with the concepts of quality requirements and quality standards [7]. The
ArchRQMM targets the quality evaluation and selection of application styles at a high
level of abstraction. However, our metamodel does not support the definition of a
context-awareness and a resource-awareness metamodel.

The paper is organized as follows. Section 2 proposes the main element of CQ-
MDA approach, i.e. ContextualArchROMM metamodel which it is an ArchROMM
extension used as support for context model description and quality model definition.
Section 3 describes the CQ-MDA itself. Section 4 shows an example of applying CQ-
MDA for VideoConferencing system development. Section 4 summarizes related
works. Section 5 concludes this article and presents some future works.

2 ContextualArchRQMM

The main idea of this proposal is to take into consideration the nonfunctional concerns
(adaptation service, communication protocol, security, QoS, etc.) of the components
by connectors at the software architecture level. Our motivation is to extend
ArchRQMM with contextual connectors in order to support improved composability
of heterogeneous components and to integrate a software architecture quality control
in the framework CQ-MDA which unifies all modelling? approaches.

2.1 Context-Awareness MetaModel

We extend our software architecture metamodel, with a context metamodel (Fig. 1).
The goal is to represent context information of system architecture at model level.
Context is any information that can be collected from artifact needs, resources
capacities and user preferences. ContextualArchRQMM uses these informations to
perform a software architecture quality evaluation and selection in software
development process. In our metamodel we have identified two types of context, i.e.,
required context (user preferences, artifacts needs) and provided context that
encompasses the properties of the execution environment of an application. Context
elements are realized through Context class, are expressed as QoS properties of the
contextual architectural artifacts (Non-Functional-Prop class).

2.2 Resource-Awareness MetaModel

Fig. 2 depicts a resource-awareness metamodel. The hardware components are mobile
devices (Class Device) like PDAs, PC Portables or smart phone, are constrained in
their resources (memory size, CPU power, bandwith, battery, etc) and act as execu-
tion environment for architectural artifact (Class Artifact).

Network connections (Class Node) connect hardware components having a limited
bandwith. A resource-awareness about current usage of processing power, memory,
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Fig. 1. The context metamodel of Contextual ArchRQMM
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Fig. 2. The resource metamodel of Contextual ArchRQMM

network bandwith, etc. is a prerequisite to guarantee a minimum quality of service.
Due to heterogeneous architectural components as well as its various communications
paradigms (GSM 3G, Bluetooth, ZigBee, etc.) can be specified more easily using a
contextual architectural artifact to better support resource-awareness.

2.3 Contextual Architectural Artifacts

For an efficient and clear specification of connection points, we have introduced more
precise port according to their global roles in a component: the DataPort, the Con-
textPort, the ServiceControlPort, the QoSNotificationPort. The DataPort is used to
transfer data of any type. The ContextPort is responsible for the sending and receiving
of the context information available at run-time when the service is active. The Ser-
viceControlPort is a standard dedicated port for controlling a service. It allows the
service to be (re)started, updated, relocated, stopped and uninstalled. The QoSNotifi-
cationPort is responsible for sending QoS information to execution platform in order
to decide if a service reconfiguration is needed.
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As software architecture descriptions rely on a connector to express interactions
between components, an equivalent abstraction must be used to express a contextual
and a heterogeneous interaction (i.e. various interactions paradigms). We extend an
architectural connector with a contextual concern in a heterogeneous interaction (see
Fig. 3). The traditional connector is not enough to design a contextual and a heteroge-
neous interaction because the way that a contextual component composes with a busi-
ness logic component is slightly different from the composition between business
logic components only. A contextual (i.e. the adaptation) connector is the central
place where the auto-adaptative mechanisms are managed in a connector. Three auto-
adaptative mechanisms are distinguished: communication (i.e. clarify the connection
between various components regarding the communications paradigms), service ad-
aptation (i.e. adding, suppression and substitution of adaptation services), and QoS
adaptation (selecting parameters of service to provide adequate quality to component
needs at runtime). The business logic component is adapted explicitly and automati-
cally by a contextual connector. This means that context ports of business logic
components instances, related to the context managed by a contextual connector, are
all connected to that contextual connector.
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Fig. 3. Contextual architectural artifacts in Contextual ArchRQMM

3 Context-Aware Quality Model Driven Architecture (CQ-MDA)

The general structure of Context-aware Quality — Model Driven Architecture (CQ-
MDA) is presented in Fig. 4. The proposed structure consists in five levels represent-
ing CIM, PIM, Contextual Platform Independent Model (CPIM), Contextual Platform
Specific Model (CPSM), and code. Each level decomposed into three parts: the left
part represents architectural artifacts and context concepts; the right part represents
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quality model and measurements done for these artifacts while the center part repre-
sents requirements. Architecture quality should be controlled at each steps of the
design. External requirements of the system are transformed into internal ones for the
architecture and its components. Internal requirements are needed for assessing
designed architecture models. So, particular internal models, being instances of Con-
textualArchRQMM metamodel, are used to assess particular models of CQ-MDA, for
example, the requirement reflects both functional and non-functional architects’ needs
are elaborated on the base of a particular set of criteria’s and associated metrics. The
software architecture quality model is produced by measurement done for each archi-
tectural artifact for a given factor in the context of associated requirement, for a given
criteria with associated metric. The quality model is evaluated by the semantic con-
straints defined by the metamodel.
Two ways of using the ContextualArchRQMM metamodel are possible:

- The first one assumes that the software architecture quality metamodel is used
for evaluating an architecture model. The architecture model is tested and
validated with the semantic constraints defined by the metamodel. If the veri-
fied architecture model gets bad marks then the design process can be stopped
or it can go back to the previous stage either to change requirements or to
elaborate a different (better) architectural model.

- The second one, using software architecture quality metamodel considers the
case when the metamodel is used for selecting the best architectural model
from different choices. In this case the values of a metric are used to classify
the models. A metric formula gives a note for the architecture model. The
values of the metric function are used to classify the models and to choose the
suitable one and we select a first model if we have the same value. After that,
the selected architectural model is evaluated by the OCL constraints to re-
move any quality semantic violation.
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Fig. 4. Context-aware Quality Driven Model Architecture



446 A. Alti, A. Boukerram, and P. Roose

4 Case Study: VideoConferencing System

A case study given below is intended to show applicability of CQ-MDA both for
evaluation and for selection of the best architectural model from some alternatives. A
case study deals with VideoConferencing System [13]. The following architect needs
and preferences are considered:

- Recording, reviewing user’ video and creating respective reports.
- Video should be delivered in quality and in period no longer than one minute
from their request.

These demands are processed as external quality requirements. The first one is func-
tional demand while second one is non-functional one. Only non-functional require-
ments will be considered further.

4.1 PIM Level

Several architectural models can be used to design a given system. For the VideoCon-
ferencing system, the model is designed with PipesAndFilters style. The architecture
model should be evaluated, tested and validated with the semantic constraints defined
by the metamodel.

According to ContextualArchRQMM, all these requirements should be associated
with a respective architecture quality model with selected quality factors. It is pro-
posed to use the efficiency factor with time-behavior sub-factor and the maintenabil-
ity factor with modularity, analyzability sub-factors [4].

We have evaluated the PIM model with similar measurements of the whole archi-
tecture of the basic metrics (i.e. coupling, cohesion and complexity) [4]. The architec-
tural model provides an acceptable maintainability (a high level of cohesion, a low
level of coupling, a low level of complexity). This architectural model is accepted for
further transformation.

4.2 CPIM Level

PIM software architecture model may be transformed, manually or automatically, into
different CPIM models. The PIM model is transformed into four exemplary CPIM
models. For time-behavior, three metrics proposed in [8], one of them, TBM (the
estimated Time Behavior Metric) is selected and adapted in our case. Apart from the
evaluation of time behavior sub-factor we evaluate the analyzability sub-factor to
select the best CPIM model. In [17] two metrics were proposed for the dynamic
adaptivity at the architectural level, but only one, MaAC (Minimum architectural
Adaptive Cost) was used and validated for analysability assessment in our example.

We have simulated the four CPIMs models using our Java VM simulator and have
varied the user (and respectively, the mobile devices) from 1 to 30. Table 1 shows the
evaluation results, meaning that CPIM4 model turns out to be the best. Differences
can be seen in the adaptation cost of CPIM4 and other CPIMs, which is due to the low
adaptation cost compared to other CPIMs.
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Table 1. CPIM models evaluation results

CPIM TBME"(ms) MaAC®*" (artifacts number)
CPIM 1 200 ~ 400 0~ 16
CPIM 2 350 ~ 500 0~ 8
CPIM 3 470 ~ 800 0~ 8
CPIM 4 200 ~ 930 0

5 Related Works

The first related area of research are ADLs that have been proposed for representing
dynamic architectures including: ACME [12], n-ADL [6], C3 [2] and AADL [1].
However, except for ACME, most ADLs do not support the concept of evaluation
function. In addition, most of them are not contextual defined. AADL [1] allows
definition of non-functional requirements and their validation at model level. MARTE
[15] not treat the problem of heterogeneity by a meta-model which verifies the ade-
quacy of service regarding its context. m-ADL [6] supports dynamic software archi-
tecture and evolving software systems. However, contrary to our work, n-ADL does
not support contextual connectors and not integrate quality metrics. Recently, Garlan
and al. [12] extended ACME ADL in order to support evaluation function in evolu-
tion styles and their multiple decision forms. However, this work does not consider
exploiting contextual connectors in heterogeneous environment where entities of
different nature collaborate: software and hardware components.

The second related area of research are some works involving quality in MDA ap-
proach, like QADA (Quality-driven Architecture Design and Quality Analysis) [9] —a
methodology targeted at the development of service architectures. Other works in-
volving Context in MDA approach, e.g. Context-aware Model Driven Architecture
Model Transformation [11] — a methodology targeted at the development of context-
aware applications and other networked systems. These works concentrate only on
quality system architecture or context-aware system architecture, while CQ-MDA
insisted on the separation of the two concerns: software architecture model and con-
text model. These models based on the quality assessment that enables us to reuse
them independently and to achieve a comfortable architectural quality analysis
framework.

6 Conclusion and Future Work

In this paper we presented ContextualArchRQMM metamodel centered on the concept
of contextual connector to provide a lightweight support for the definition of some
composition facilities such as contextual interfaces at the connector level. In this way,
Contextual ArchRQMM encompasses a reduced set of minor changes. Our goal is a
complete ArchRQMM software architecture metamodel that supports structural and
contextual description of software systems. Representing components, connectors as
first class entities allows us to define the context concerns of each of concept inde-
pendently and explicitly and to improve composability of heterogeneous components
and lowering adaptation cost through self-adaptation policies under resources
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constraints. We have used our metamodel to extend the MDA's CIM-PIM-PSM with a
parallel CPIM-CPSM chain of refinement, to explicitly consider quality and re-
sources-awareness while conducting the design and implementation process. We
presented an illustrative example to show the applicability of the proposed CQ-MDA
approach. The results of the experiments (based on the example of VideoConferenc-
ing system with four CPIMs) are encouraging. The experiment shows that our ap-
proach outperforms two abstractions level in terms of some quality metrics such as
adaptation ratio and time response. As future work, we will consider moving our
approach to a real execution platform to validate its feasibility.
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