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Research on Dynamic Evolution Mechanisms of Software Runtime Variability

LIU Ji-Wei  MAO Xin-Jun

(College of Computer . National University of Defense Technology, Changsha 410073)

Abstract  Software systems situated in open environment are supposed to have high flexibility
and scalability to handle ever-changing requirements. In many cases, this implies that the location
where variation can occur and the degree of such variation can be changed in the systems, i. e. ,
software runtime variability should be dynamically evolvable. However, in many systems like
self-adaptive systems or other similar ones, runtime variability is limited due to design decisions
and assumptions made on the basis of requirements and environments observed at design time,
which typically makes runtime variability unchangeable and further results in bad adaptation of
the systems to newly-changed requirements and environments at runtime. The key to the problem
is dynamic evolution of runtime variability, which is concerned by few studies that only care
about its logical model and validation other than implementation. The fact motivates us to
propose meta-variability mechanism to support the regulation of runtime variability from an
implemental perspective. The mechanism utilizes reconfiguration to realize the basic operations of
evolution, 1. e. , in addition, substitution and removal of variability elements at level of architecture

and that of component, and utilizes variability objects to support encapsulation, information-hiding
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and execution of these operations. We described infrastructure of meta-variability mechanism,

showed how to generate it on the basis of .Net Framework, and provided tools for observing

the changes of variability model or triggering them to start the evolution. We finally showed

practicability and effectiveness of the mechanism by solving runtime variability evolution in the

cases of resource disposing of personal cloud. Through performance evaluation, the mechanism is

proved efficiently.
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variability object; dynamic regulation of software architecture; variability element
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public class RTVariationPoint_ClearPolicy: RlVariationPoint/+ © HE=4 S8 TRERE ~ O30S o &/

this. AssociatedVariantList = new List< RTVariant_ClearPolic
this. AssociatedVariantList. Add(new RTVariant ClearPolicy( “ Kﬁgﬁﬁj@bﬂﬂyﬁ%” f
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Background

The study conducted in this paper belongs to the area of
software variability and that of software evolution. Software
variability, especially runtime variability, draws much attention
of researchers in the community of software engineering in
recent years. However, they typically focus on the application of
runtime variability to self-adaptive systems or other similar
systems like dynamic software product lines. The evolution
of runtime variability is concerned only from the perspective
of logic models other than implementation.

We propose an approach to evolve runtime variability with
regard to its number, attribute or relation in an implemental and
semi-automatic manner. The work is part of the study on
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Variability, which aims to make distributed systems like
personal clouds continuously meet varying requirements. Our
previous work is related to evolving runtime variability on the
basis of dynamic software updating, which focuses on the
techniques of replacement of entire process and state trans-
formation. The concept of evolvable runtime variability is
proposed in the relevant paper (i. e. , Ref. [37]) published in
Internetware 2014.
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