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Abstract— To support media applications in portable
situations, it will be important for applications to know
about the hidden natural conditions, furthermore to have the
capacity to adjust their conduct and that of the real stage all
things considered conditions change. Numerous current
scattered frameworks stages backing such adjustment just in
a fairly irregular way. This paper presents a principled
approach to supporting adaptation through the use of
reflection. More specifically, the paper introduces a
language  independent,  component-based  reflective
architecture featuring a per-component meta-space, the use
of meta-models to structure meta-space, and a consistent use
of component graphs to represent composite components.
The paper additionally gives an account of a nature of
administration stage, giving better backing than checking
and adjustment capacities. At long last, the paper clarifies a
model execution of the design utilizing the article arranged
programming dialect Python

Keywords: component-based, specifically, adaptation,
object-oriented, reflection, environments, prototype

I. INTRODUCTION

In heterogeneous circulated situations, the other vital
element is openness. Specifically, it is critical that open
frameworks guidelines are xploited wherever conceivable to
allow both interoperability and transportability of (portable)
applications. In this paper, we are along these lines worried
with  backing for adjustment in open disseminated
frameworks. We show a principled answer for this issue
taking into account thoughts from the fields of open usage
and reflection. We are especially eager about supporting
circulated sight and sound applications in such situations
then expand this engineering with nature of administration
(QoS) administration abilities. Our usage of the intelligent
engineering (counting QoS administration) is then quickly
examined.

A. Basics of Adaptation:

Adjustment is required at different levels in a conveyed
framework. For instance, at the system level, it may be
important to switch between accessible systems joins relying
upon nature of administration at present being advertised.
Greater up the convention bundle a scope of adjustments
are likewise conceivable, for example, changing to an
alternate transport convention, changing the parameters of a
specific convention component, or bringing out new
convention components. It might likewise be helpful to
change the encoding of information, e. g. by presenting
pressure and de-pressure components.  Significantly,
numerous parts of adjustment are additionally done either in
the application or with the inclusion of the application. For
instance, a project may rebuild its movement by off-stacking
some preparing to a settled part of the system. All the more

for the most part, adjustment is material to a variety of
perspectives at various levels of the framework. These
angles incorporate the interchanges perspectives clarified
above additionally incorporate issues like the assets
distributed to a movement and the arrangement of outside
administrations getting utilized. Besides, this adjustment
ought to be driven by familiarity with an assortment of
issues including showcasing and deals correspondences
execution, asset use, area, cost, and battery life and
application inclination.

Architectural
Configuration Space
Valid
Architectural
Configuration Space

Practical
Architectural
Configuration
Space

Feature
Selection Space

Valid
Feature

Selection
Space

.._*

Fig. 1: Self Adaptive Software System

B. Adapting methods:

Adjustment is required at different levels in a conveyed out
framework. For instance, at the system level, it may be
important to switch between accessible systems joins relying
upon nature of administration getting advertised. Greater up
the convention bundle a scope of adjustments are
additionally conceivable, for example, transitioning to
another vehicle convention (or gathering of smaller scale
conventions [14]), changing the rules of the specific
convention part, or bringing out new convention
components. It might likewise be valuable to supplant the
encoding of information, e. g. by bringing out pressure and
de-pressure  components.  Vitally, viewpoints worth
considering of variety are likewise done either in the
application structure or with the inclusion of the application.
For instance, a project may rebuild its action by off-stacking
some control to an altered segment of the system. Much all
the more for the most part, adjustment can be connected to a
variety of viewpoints at various levels of the framework.
These perspectives incorporate the interchanges angles
clarified above yet incorporate issues like the assets
dispensed to an action and the arrangement of outside
administrations utilized. Besides, this adjustment ought to be
driven by comprehension of an assortment of issues
including showcasing and deals correspondences execution,
asset utilization, area, cost, and battery life and application
inclination.
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C. Adapting Frameworks:

Since specified above, adjustment is important at all levels
of a framework, from the application level conceivably
directly down to the working framework level. However ,
this promptly shows various issues. To get case, adjustment
at the working framework level can be entirely perilous in
states of influencing respectability and fulfillment.
Moreover, the software engineer would definitely need to
depend on working framework specifics to achieve variety,
in this manner trading off the transportability of utilizations.
The option compelling of leaving all adjustment to the
application is additionally evidently unsatisfactory, as this
would present an unsuitable weight for the product essayist.
Our answer is to present a stage for overseeing adjustment at
the middleware level of the framework.

In allotted frameworks, middleware is depicted as a
layer of programming dwelling in every machine and sitting
between root (heterogeneous) working framework stages
and appropriated applications/administrations, offering a
stage free programming model to software engineers.

MIDDLEWARE
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Fig. 2: The Role of Middleware.

Know that this methodology is bolstered by late
research in the working frameworks group which advocates
that working frameworks ought to be littler and more
arrangement free [12].

This infers bunches of capacities at initially
contained in the

Il. LITERATURE REVIEW

There is developing enthusiasm for the utilization of
reflection in circulated frameworks. Spearheading work here
was done by McAffer et al. As for middleware, specialists at
Illinois have completed introductory trials on reflection in
Article Ask for Merchants. The level of reflection however
is coarse-grained and limited to conjuring, marshaling and
dispatching. Also, the work does not consider key territories,
for example, support for gatherings or, all the more for the
most part, ties. Scientists at APM have built up an
exploratory middleware stage called FlexiNet et al . This
stage permits the software engineer to tailor the fundamental
correspondences foundation by embeddings/evacuating
layers. Their answer is, be that as it may, language specific,
i.e. applications must be composed in Java. Manola has
completed work in the outline of a "RISC" object model for
dispersed registering , i.e. a negligible item demonstrate
which can be specific through reflection. Analysts at the
Ecole des Mines de Nante are additionally exploring the
utilization of reflection in intermediary instruments for
Circles.

Our configuration has been influenced by various
specific reflective dialects. As expressed over, the idea of
multimodels was gotten from AL/1-D. The basic models of
AL/1-D are however entirely distinctive; the dialect

underpins six models, specifically operation, asset,
measurements, movement, conveyed environment and
framework.

From this rundown, it can be seen that AL/1-D
does however bolster an assets model. This asset model
backings reification of planning and trash accumulation of
articles (however in a moderately restricted manner
contrasted with our methodology).

Our progressing research on nature and
embodiment meta-models is likewise intensely influenced
by the outlines of ABCL/R and Cod A . Both these
frameworks highlight deteriorations of meta-space as far as
the acknowledgment of messages, setting the message in a
line, their determination, and the resulting dispatching. At
long last, the outline of ABCL/R2 incorporates the idea of
gatherings. Be that as it may, bunches in ABCL/R2 are more
prescriptive in that they uphold a specific development and
translation on an item.

The gatherings themselves are likewise primitive,
and are not helpless to reflective access. Our utilization of
segment charts is propelled by specialists at JAIST in Japan
In their framework, adjustment is taken care of using control
scripts written in TCL. Despite the fact that like our
proposition, the JAIST work does not give access to the
inside points of interest of correspondence items.

Moreover, the work is not incorporated into a
middleware stage. Comparable methodologies are pushed by
the originators of the VuSystem [22] and Pound . The same
reactions however additionally apply to these plans.
Microsoft's ActiveX programming additionally utilizes
segment charts. This product, in any case, does not address
conveyance of part diagrams. Also, the diagram is not re-
configurable at runtime.

At long last, various specialists have considered the
effect of rising application ranges on middleware. For
instance, various middleware stages have been created to
bolster sight and sound . Most prominently, specialists at
CNET have built up a developed CORBA stage to bolster
mixed media; this stage includes the idea of recursive ties
and has been profoundly influential in our exploration, a
related stage is likewise reported in . Concentrates on have
likewise been done in the territories of portability, constant
and gathering support . While a considerable lot of these
plans bolster a level of configurability, they don't offer the
level of openness and adaptivity that we look for in our
exploration.

I1l. FEATURE MODELS FOR RUNTIME ADAPTATION

A feature model is a compact representation of all possible
products or configurations, for instance, of an SPL. These
models are visually represented as features and relationships
among them. Features correspond to selectable concepts of
the system at any abstraction level: functional and non-
functional (or quality-attribute) requirements, environment
and  context  restrictions, runtime  components,
implementation modules, etc. A feature model is arranged in
a hierarchy that forms a tree where features are connected

by:
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—  Tree constraints: relationships between a parent feature
and its child features (or sub-features). Tree constraints
include mandatory, optional, xor (alternative) and or
relationships between parents and sub-features.

—  Cross-tree constraints: typically inclusion or exclusion
statements of the form “if feature F is selected, then
features A and B must also be selected (or
deselected)”.

The root feature of the tree represents the concept
being described, generally the system itself, and the
remaining nodes denote branches and sub-features that
disaggregate the main concept into several elements and
concerns. Several extensions to this basic notation have been
proposed [5], including propositional formulas for cross-tree
constraints [6], and extended or attributed feature model [7].
We use these two extensions for modeling system element
dependencies and specifying quality-attribute properties in
our work. Generic propositional

Formulas allow us to define constraints and
dependencies among features, such as “features A and B
imply not C”.

The second extension refers to a type of feature
model in which additional information is added as feature
attributes. An Attribute consists of a name, a domain, and a
value. Attributes are often used to specify extra information,
such as cost, response time, or memory required to support
the feature, among others.
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Fig. 3: A model to support software adaption

A. Formal Verification Methods:

State space (or reachability) analysis provides a promising
and automated method for the static analysis and
verification of systems. However because of the complexity
of the state-space explosion, efficient analysis by state space
is restricted to small system models. With increasing
computing power, larger and more complex systems are
continuously developed.

Techniques and tools need to be developed to
analyze on large-scale systems. However, formal
verification method is more applicable to architecture level
of a software system since this level is closer to the problem
domain and more abstract. Many techniques have been
proposed to cope with the state explosion problem.
Equivalence is the main concept shared in these techniques.
Two system models are considered to be equivalent if no
distinction can be made between them.

Based on the concept of equivalence, it is possible
to analyze a system model using another equivalent system
model or state space. For example, Petri-net models can be
analyzed using reach-ability graphs because Petri nets and
reachability graphs are equivalent with respect to almost all

dynamic behaviors and interesting properties. The notion of
equivalence is very useful when we focus on particular
behaviors/properties of systems. The following summarizes
existing approaches to the state explosion problem.

Transformation of System Models. Many
transformation techniques have been developed from the
concept of equivalence in order to synthesize and/or reduce
system models [3], [4]. A synthesized system model is
equivalent to the original one. Therefore, the verification of
synthesized system models can be eliminated. On the
contrary, structural reduction is used to generate a reduced
system model which is equivalent to the original one.
Consequently, the analysis can be performed on a reduced
system model. Synthesis and structural reduction of system
models are powerful, but in some cases they are applicable
only to special situations or special subclasses of
specification formalisms.

Bit-Hash Technique. Holzmann [5] proposed a bit-
hash  technique to significantly reduce the memory
requirement of state space analysis. In his technique, a hash
function is employed to give a compact representation of
state information. However, the analysis result may not be
reliable because of hash collisions in some cases.

Symmetry Methods. Symmetry methods [6] exploit
regularity of system structure and store mutually symmetric
states as one. Symmetry methods require more complex
analysis algorithms and cannot facilitate the analysis of
nonsymmetrical systems. Symbolic Model Checking.
Symbolic model checking [7], [8], and [9] uses a fixed-
point algorithm over a symbolic representation of state and
transition relation (BDDs [10]). Symbolic model checking
has been shown useful especially for the verification of
hardware. However, its application to software systems may
be affected by the effort in finding a compact encoding.

Partial Order Techniques. Partial order techniques

investigate only a partial ordering of concurrent and
independent events. The explored state space is equivalent
in terms of certain properties, e.g., deadlocks and event
occurrences. Persistent (or stubborn) sets [11] and sleep sets
[12] are two main techniques proposed in the literature.
Nevertheless, in the worse case, the state space remains
exponential in the size of processes. A lot of research is
focusing on the design of heuristic rules to reduce analysis
complexity.
Compositional Verification Techniques. In compositional
verification techniques, a system is considered as a
collection of subsystems (processes). The main goal of
compositional verification techniques is to hierarchically
and efficiently generate equivalent and much smaller state
spaces, which are more amenable to analysis. There have
been a considerable amount of studies on the compositional
verification, especially in the area of process algebras [13],
[14], [15]. However, current techniques are effective only
for loosely coupled modules (i.e., subsystems with simple
interfaces).

Incremental ~ Verification  Techniques. Many
systems frequently undergo modifications to suite new user
requirements or to satisfy the desired properties. Their
specifications and hence, internal representations keep
changing from time to time. However, due to the huge size
of the state-space, it is very expensive to verify the
Requirements and constraints of the system after every
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small modification to the specification. The incremental
approach is to make the cost of verification of the modified
system proportional to the size of the change made to it
rather than the size of the representation (the state-space) of
the whole system [16], [17].

Hybrid Techniques. It has been suggested that
more cost-effective techniques can be derived by integrating
different verification techniques. For example, partial order
techniques and structural reduction can be combined to
further reduce analysis cost [18]; symbolic state space
search is combined with partial-order reduction methods for
invariant checking [19], etc.

B. Compositional Verification :

Among the formal verification techniques discussed above,
compositional verification is considered more suitable for
verifying component-based software systems or architecture
specifications of a target system [20]. In this paper, we will
focus on the important concepts and techniques in this
approach. In compositional verification, a system is first
divided into hierarchical modules (subsystems). State spaces
of modules are then recursively constructed from reduced
state spaces of submodules. As a reduced state space could
be much smaller than the original one, the compositional
verification technique provides an attractive approach for
analyzing large-scale systems. Compositional verification
techniques resemble structural-reduction techniques for
system models [3]. Nevertheless, compositional verification
techniques are applied to state spaces instead of system
models. Compositional verification techniques are more
effective than structural-reduction techniques since state
spaces explicitly describe the dynamic behaviors of systems.

The main goal of compositional verification
techniques is to hierarchically and efficiently generate
equivalent and much smaller state spaces. However, the
concept of equivalence does not consider compositional
mechanisms. It is possible that the interesting properties of
systems are not preserved after we replace one module with
another equivalent module. In order to hierarchically
generate an equivalent state space, the concept of
congruence is essential. to the old one. Various
compositional verification techniques have been proposed
for the algebraic treatment of processes by using equations
and inequalities for processes expressions. These approaches
to the algebraic treatment of processes can be identified by
an acceptance of synchronized communication as the
primitive means of interaction among processes [21].

Primary process algebras include for example,
Milner’s CCS [21], Hoare’s CSP [14], and Bergstra and
Klop’s ACP [15]. Equivalences and congruences of
processes are well founded in those process algebras for
Event-based systems.

IV. QUALITY ATTRIBUTES ON FEATURE MODELS

A quality attribute is a key aspect (or property) of the system
that is used by its stakeholders to judge its operation, rather
than specific functional behaviors [8]. Quality-attribute
properties of a system are typically quantified by quality
metrics, particularly those with runtime characteristics.
Systems often fail to meet stakeholder’s needs regarding
these attributes when they focus on some aspects without
considering the impact on others. For instance, when system

adaptation is required, it might not be possible to select a
configuration that minimizes the reconfiguration time while
at the same time maximizes the overall quality of service
(QoS) since for this we probably need to setup and tune
additional components that impact negatively on the
reconfiguration time. Furthermore, the overall QoS is
defined based on a combination of conflicting runtime
properties (e.g., response time, accuracy, availability,
security).

For example, replicating communication and
computation to achieve availability, or including a shadow
removal component to achieve high accuracy for event
recognition, might conflict with performance requirements
(e.g., low response time) or resource restrictions (e.g.,
maximum memory consumption). Stakeholders generally
find it difficult to quantify their preferences in such conflict
situations.

The goal of our model-based approach for
managing quality attributes is to quantitatively evaluate and
trade-off multiple quality attributes to arrive at a better
overall system configuration. We do not look for a single
metric but rather for a quantification of individual attributes
and for trade-offs among those metrics. The problem is
formalized as the optimization of an objective function that
aggregates the metrics and quantifies stakeholders’
preferences for individual attributes. In our approach, the
management of runtime quality attributes involves three
steps, namely:

1) specification,
2) measurement, and
3) optimization.

Specification deals with the representation and
assignment of quality-attribute properties of individual
system elements to features. Measurement implies the
design of metrics for feature models to assess this quality
attributes at the system level. At last, optimization deals
with the maximization (and/or minimization) of conflicting
attributes, which are assigned to different weights in order to
consider stakeholders’ preferences, while still meeting
configuration rules and resource restrictions.

A. Specification:

Quality-attribute properties must be specified at design time
for system architects. A wide range of properties exists to
evaluate the runtime operations of a system. Some attributes
are common to most adaptive systems, like reconfiguration
time, response time, memory consumption, availability,
among others. Besides, video-surveillance systems exhibit
specific attributes, namely: accuracy and sensitivity of
detection or tracking algorithms, relevance of object
classification, frame rate, among others. These properties
can be categorized into the following classes, depending on
how they are specified on the feature models:

1) Direct assigned attributes: this class contains attributes
that are representable as features, because they can be
directly selected by stakeholders during the product
configuration phase at development time. At runtime,
the selection and deselection of these features can be
triggered by events coming from context changes. In
our model, these features correspond to the Quality of
Service (QoS) branch.
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2) Quantitative attributes: this category contains feature
attributes that can be measured on a metric scale, such
as: response time, reconfiguration time, accuracy,
among others. These attributes define properties of
individual features, but one can infer a measure for the
overall configuration using some metric function able
to aggregate the values of individual elements. For
example, the system memory consumption can be
calculated as a sum of the required memory for each
running component.

Qualitative attributes: this category includes
attributes of features that can only be described qualitatively
using an ordinal scale, i.e. a set of qualifier tags like low,
medium, and high for usability, security, or camera
resolution, among others. In this case, there is no metric for
deriving quantifiable measures of the overall configuration.
However, a mapping function from qualifier tags onto real
values can be used in order to handle these attributes as
quantitative properties.

| Searchability }

XML Importability  }

Transformability }

Affordability

Interoperability

l Security }

Fig. 4: Common Quality Attributes

Quality Attribute Examples

Required memory reconfiguration and response time
(sequential execution)

accuracy, availability

reconfiguration and response time (parallel execution)

Security, usability (using a metric scale for qualifier tags)

Table 1: Quality Attributes used

V. CONCLUSIONS

This paper has addressed the issue of distributed systems
support for mobile applications. It is now well recognized
that this equates to support for adaptation. However, in our
opinion, many current solutions address adaptation in a
rather ad hoc manner; we believe a more principled
approach is required in terms of open access to underlying
systems components, and QoS management of such
components. We also believe that middleware is the right
place to place such functionality. The paper has presented
the design and adaptation of a reflective middleware
architecture that, we argue, provides such principled support
for mobile applications. The architecture is supported by a

component framework featuring an open and extensible set
of primitive and composite components. In addition, our
approach to QoS management has a number of interesting
properties in terms of 1) offering support for the dynamic
insertion and adaptation of QoS management components,
ii) allowing policies to operate over all meta-models
(including crucially the resource meta-model), and iii)
enabling the creation of sophisticated management
structures featuring, for example, policies and meta-policies.
address issues of performance in reflective middleware
platforms.
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