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Abstract 

Nowadays mobile applications are becoming more and more universal. Due to increasing hardware enhancement on regular 
basis, multiple versions of operating systems and device specifications make self-adaption an essential attribute for mobile 
application’s architecture. Therefore, to cater for the dynamic environment, systems must dynamically adapt their 
architecture to fulfill functional and non-functional requirements. Stability of an architecture basically defines that how 
well an architecture will accommodate the changing requirements and adapt to the dynamic environment. Thus, behavioral 

stability of a self-adaptive system is a major concern while developing self-adaptive systems. To address this issue, we 
work out a methodical approach which can be used for the analysis and modeling of systems with enhance architectural 
stability; furthermore, this method emphasizes on the behavioral characteristics of a system during execution. For the proof 
of concept of our method, we applied this approach on the architecture of a mobile application. Our proposed model is 
focused to gain the stockholders’ desire for architecture stability and other related attributes 
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1. Introduction 
For any system its architecture style/pattern is the essential part that affects its functionality throughout its 

operational life. Architecture of software needs to be designed in a manner that it conforms to maximum quality 

attributes following a certain Standard. The stability of an architecture defines that how well an architecture will 

accommodate the changing requirements and adapt to the dynamic environment. In this context, thus stability of 

a self-adaptive system is a major concern. By behavioral stability of a system we mean that the functional and 

non-functional features of a system must not impair in any way. In the early phases of software development, 

the choice of quality attributes (QAs) is of primitive importance for the software project. The stability of system 

should be considered as a quality attribute at the various phases of software life cycle. At the architecture level 

the stability attribute ensures that the changing requirements or the dynamic environment does not affect 

architecture of a system and it remains performing its intended behavior.  Mobile applications are becoming 

more convenient source for number of services these days. On increasing trend of smart phones in society, the 
demand for mobile applications has raised to a considerable level. Other than that hardware enhancement on 

regular basis, multiple versions of operating systems and device specifications make self-adaption an essential 

attribute for mobile application’s architecture. Self-adaptive architecture leads an application to cope with 

dynamic environment, user’s changing requirements and performs its intended behavior without giving an 
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impression to application failure to its user. Self-adaptation in mobile applications has been investigated in the 

software engineering community. Frame-work [24] for self-adaptive applications is a detailed framework but it 

lacks the quality attribute of stability. The issue hence addressed in this paper is to address how to tackle 
architectural stability. As a behavioral feature and quality attributes that need to be tackled during the dynamic 

operation of mobile applications, so the system adapts according to the environment and varying requirements 

and guarantees that its intended behavior (functional and nonfunctional requirements) is intact. We examine a 

systematic method for analyzing and modeling stability of architecture which focuses on the dynamic behavioral 

characteristics. This analysis model encompasses stability as the primary feature to conform to the needs of the 

stakeholders. 

In section 2, we describe the background that covers the definitions of some main concepts. Section 3 shed light 

of some salient of the related work. Section 4 covers the proposed solution and Section 5 describes the outcomes 

and benefits of the proposed solution. Section 6 and Section 7 encompasses the case study and stability analysis 

of mobile application. Section 8 concludes with some directions for the future work.  

2.  BACKGROUND   
This segment covers some fundamental ideas utilized in this paper. According to ISO/IEC/IEEE Standards, 

Programming Architecture is "crucial association of a framework exemplified in its parts, their connections to 

each other, and to nature, and the standards controlling its plan and advancement" [1]. Quality property is a 

trademark or highlight of main elements of software; this concept also includes general term related to some 

quality variables, quality of sub-elements, or metric qualities [2].  

 

The self-adaptive nature of a software enables it to monitor its own behaviour and control/change its behaviour 
it is unable to accomplish some routine behaviour, or when it can perform some function in a better way [3] [4]. 

Similarly, a self-adaptive framework has the capacity of modifying its behaviour powerfully, because of the 

changes in his operational/executional environment (e.g. workload) and to deal with the conflict/clashes to 

achieve its objectives (e.g. quality necessities) [5]. An Adaptive application is intended to keep running on a cell 

phone. Portable applications ordinarily help clients with the comparative offices to those got to on PCs [5]. 

 

Ever growing evolution of technology and changing needs of customers has made the concept of software self-

adaptation very trendy and need of the hour. Creating self-adaptive software (SAS) that oversees varieties 

progressively, at the runtime in a quick and solid way is an extremely powerful answer to limit the cost of 

programming change. Ever changing user requirements or inconsistency in the number of available resources 

are two likely situations in which SAS can reconfigure and continuously optimize itself at runtime. An adaptive 

behavior can replace a normal behavior in an autonomous way.  

In general, a SAS implements a reference architecture, consisting of two major subsystems [17]: the adaptation 
manager (AM), and the adaptable software (AS), as shown in Figure 1. The AM plays its role as an exogenous 

controller for the observation of variations in the operating states of SAS and selects some suitable adaptive 

behaviour.  
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Figure 1: Self-Adaptive Software (SAS): Reference Architecture from [17] 

3. RELATED WORK  

This section briefly mentions the related technologies, work and frameworks while emphasizing on their main 

attributes. A lot of work has been done on dynamic and architecture-based adaptation frameworks, which 

includes the efforts to describe the requirements of self-healing systems [6, 7, 8].  

The RINGA framework in [9] utilizes the idea of runtime verification for self-adaptive software by finite state 

machines. This framework comprises of two components, which are design and runtime. For designing the 

software SA-FSM (self-adaptive finite state machine) was proposed and its verification was done with an 

abstract algorithm A-FSM (abstracted finite state machine). The runtime verification was done with A-FSM 
with MAPE (monitoring, analysing, planning, and executing) loop implemented. [9].    

The DiVA project in [10] studies the adaption at design and dynamic stages. DiVA emphases on adaptation at 

the architectural level and is grounded on a four-dimensional modelling method to self-adaptive software (SAS) 

[11]. FIOT [12] is a framework which can cope up with the evolution of IOT devices. This approach is based on 

machine learning algorithms and on Multi-Agent Systems (MAS). 

 SAFCA (Self-Adaptive Framework for Concurrency Architectures) is an architecture level and self-adaptive 

framework to increase the reliability and performance of software. In this approach the software can 

dynamically adapt different architectural style most suited to scenarios and observations at runtime [13].  

AspectOpenCOM [14] is a reflection-based framework. This technology focuses on adaptation of already 
deployed aspects.  

With the extensive use of mobile phones, various research works address the challenge of enhancing the quality 

of mobile applications by considering adaption in the operational context. In [15] the author proposed a system 

that manages itself when high level objectives are given to it by the administrators. In [16], researchers have 

used software architecture to enhance the quality of self-adaptive software. The reliability of the self-adaptive 

software can be increased through predicting outcome of every strategy at planning phase. 

4. PROPOSED SOLUTION   

Mobile Applications with the context awareness are able to check the operational environment; but it is in fact 

the adaptations that provide the primary mechanism for it. The adaptive behaviour or self-adaption of a system 

means its capability to change its behaviour dynamically using compositional adaptation defined within the 
framework.  

Our paper focuses on self-adaption—for clarity we provide a stability analysis model for mobile applications 

that will be weighed out by an architectural stability model. The mobile application model identifies the 
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attribute precedence and the resources needed both these features are the major elements of adaptation (for 

removing or changing) for dynamic adaptation. In the software product line (SPL) domain, this adaptation to a 

changing context refers to member derivation. The feature priority level will be distinguished to accommodate 
the external feature adaptability.   

Our approach uses a model for the mobile applications which are self-adaptive and context aware. This model 

is used for explaining SPL on the bases of feature selection based on multiple views. In general, models are 

used to expresses the domain related elements and their relationships, also the constraints which govern their 

structure as well as their behaviour. In our model along with the feature view, we also propose to include the 

runtime adaptability view. The specification of context requirements can also be used to enhance the selection 

of features at runtime effectively.   

After the selection of the quality attributes, of interest, the next milestone is to develop a measurement plan 

which monitors the levels of the specific quality attributes, given the constraints of the specific phase. In 

addition to the mobile adaptability model for its stability, a stability architectural model will be applied to it as 

an architectural property. Application probabilistic relational model will be used to weigh out the stability 

variables that will later be quantitatively managed by Bayesian Network systems. The stability can be measured 

and evaluated by gauging the impact of using an adaptation strategy on the concerned quality attributes. This 

will help attaining the required run-time goals, and after that by assessing the architecture stability by using 

some probabilistic model. This includes two things: (i) dynamic quality of service (QoS) modelling at the 

architecture-level, and (ii) evaluating the effect and performance of the adaptation procedures. Moreover, it 
includes an approach for the verification based on the historical data for weighing the architecture stability. Our 

main focus is upon defining a framework that can handle runtime variability; this can lead to adaptation and 

application of a stability model for such self-adaptive applications.     

Stability is one of the major adaptation properties that an adaptive system must possess. An unstable adaptation 

will result in indefinite repetition of the guiding action which might degrade the system instead of improving it. 

Stability depends on the quality attributes such as performance, dependability, security etc. 

According to Figure 2, stability can also be verified by measuring the performance, dependability and security 

attributes at the runtime.  

As far as the stability is concerned, the dynamic resource allocation system addresses performance and stability 

based on the dependability. Similarly, S.Parekh proposed the controller which addresses stability as one of the 

major adaptation property, by achieving service level objectives with the help of system’s tuning parameters 

[18]. A basic control strategy (to influence the behaviour of the managed framework) was applied by them to 

execute a transfer function. Baresi and Guinea [19] likewise managed the stability by proposing a system which 
capable to recover from any undesired situation caused by any unwanted event in the system. The proposed 

system is created on service-oriented architecture (SOA). This would guarantee the availability of service 

(availability) and precision of service (reliability). 
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5. OUTCOME AND BENEFITS   

To effectively engineer and to use the self-adaptive software systems; in the context of a modelled self-adaptive 

mobile application framework, we have taken an analysis model for handling architectural stability like a 

behavioural aspect for operations at runtime. This also ensures the seamless adaptation and providing constant 

desired services. This model analyses the stability depending on the architectural viewpoints. Stability 

viewpoints address the interest of the stakeholders related to the system’s behaviour and the dimensions of 

stability which shows the type of architecture. In order to declare the desired behaviour which must be kept 

stable, the stability attributes are well-defined. The mathematical model provides the analysis based on 

quantitative terms for modelling the dynamic effects, correlation amongst stability attributes and analysing 
linked trade-offs. This approach is customized to simplify and streamline the process of adapting current or 

legacy software towards the runtime adaptively. The proposed approach is applied on self-adaptive mobile 

applications. The probabilistic model quantitatively captures the bearings and relations among the stability 

attributes.   

The proposed approach will be used to conduct the runtime analysis, regarding the stability attributes. Such 

reasoning will improve the quality of adaptation to achieve the desired behaviour and supporting all the 

operations. Quality of services objectives are meant to be fulfilled with the help of the stable self-adaptive 

architecture. Adaption is then performed by keeping these objectives in view and by eradicating the 

unnecessary ones. Stability is an essential measure of SAS to guarantee efficiency and long-time use.   

Figure 2: Mapping of the Adaption Property with the Quality Attributes 
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6. CASE STUDY: SELF-ADAPTIVE MOBILE APPLICATION ARCHITECTURE 

We will use the approach presented by Maria Salama, Rami Bahsoon for Runtime Stability [20]. The planned 

approach is applied to test the stability during runtime; considering its adaptive behaviour under consideration 

too. Currently adaptive Mobile applications can be categorized on the basis of the following approaches  

1. The system running the application handles its adaption. 

2. The adaption is handled by the application itself. 

3. The application and the system running it both handle the adaptation. 

 

The focus in our paper is on the adaptation architecture managed by the application itself. The mobile 

applications need to operate under continuously changing conditions. These varying conditions could either be 
the available resources of the system the mobile application is operating on; or the bandwidth limitation of the 

wireless link. Many other such factors affecting the quality of the application must be adapted accordingly. For 

instance, in case the mobile system is running low on power the mobile application must adapt. The purpose of 

mobile application adaption is to provide the multi-tenant users with satisfying customer experience.   

7. ANALYSIS OF STABILITY FOR SELF ADAPTIVE MOBILE APPLICATION 

ARCHITECTURES  

In this analysis stability of architecture is [21] applied on case study from [22] [23]. Following steps are 

involved:  

1. In accordance to the stability analysis model the two prominent categories of stability dimensions 

(the adaptation goal and adaptation property) stand out. 

2. Next step is to pinpoint the stability stakeholders. The key stakeholders considered are the users, 

businesses and operational environments.  

3. Define the main concerns for stability.  The concerns of stability are different for every 
stakeholder. The user’s concern is performance, businesses need security and the environments 

are to be made dependable. 

4. After we are done identifying the classes for the stability dimensions, we need to derive 

viewpoints. Few viewpoints for stability (e.g. user, environmental, business and quality of 

adaptation) need to be identified and catered for. These represent the adaptation goals and its 

property dimension. Viewpoint the quality of service manages the requirements of end users, 

related to quality. Whereas aspects related to energy consumption are addressed by the 

environmental viewpoint.  

5. Based on viewpoints, we define related attributes. Here, we have considered the performance and 

throughput. The green ability attribute, i.e., the energy consumed is used for environmental aspect. 

Operational cost based on the computational resources is defined for the economic constraints as 

shown in Figure 3. Settling time is referred to as the time required by the adaptation application to 

accomplish the adaptation goal properties [13].  
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Figure 3: Stability Analysis of Case Study 

8. CONCLUSION AND FUTURE WORK 
This paper presents work based of a self-adaptive model for the mobile applications that was then outweighed 

by an architectural stability model for eliminating and altering features while adapting the mobile application 

dynamically. Feature priorities and the resources needed are identified by the mobile application model. For 
mobile applications which are context aware and self-adaptive, a model was used for describing feature 

selection-based SPL. After that a measurement plan was developed to monitor the levels of specific quality 

attributes. Then a stability architectural model was applied to it as architectural property.  

Our future work will focus on building mobile applications that focus on ensuring seamless adaptation and 

providing constant desired services, which will cover mobile apps in a scenario when a mobile is running on 

low power. System discovers the status and apps adapt its behaviour accordingly while maintaining a 

permissible performance level and ensuring architectural stability meeting the required quality of services 

(QOS). Other than mobile applications, architectural stability can be applied to software defined radio while 
self-adapting system's behaviour according to the medium available while maintaining the quality of service.  
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