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Abstract  Due to the uncertainty and unpredictability of environment changes, it is a great challenge
to develop self-adaptive systems in open environment. First, it is difficult for developers to clearly
predict various environment changes and precisely define self-adaptation requirements at design-
time. Second, many of self-adaptation decisions should be made by system at run-time. In order
to deal with the problems, the paper presents an approach that is based on software agent
technology and organization metaphor to support the development and running of such systems.
Our approach enables developer to describe self-adaptive systems and investigate self-adaptation
according to the high-level organization abstractions. A self-adaptation mechanism called role
dynamic binding is designed and on-line self-adaptation is achieved by introducing enforcement
learning. The paper details the on-line self-adaptation decision algorithm that integrates dynamic

binding mechanism with enforcement learning together. Especially, a general-purpose and
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systematics software engineering solution to developing such system is provided, including self-

adaptive software model, implementation framework, structured process and supporting software

environment SADE-+. A case is studied to illustrate our approach and validate its effectiveness.
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Background

More and more software systems are deployed and run in
open environment like Internet. Normally, these system are
open and have tightly relationships with its situated environ-
ment. The changes of environment have great impacts on the
software system. For example, the events occurring in the
environment may require software systems to be adjusted in
either structure or behavior in order to make system more
dependable, flexible, robust and reliable, etc. , to satisfy the
design objectives. We call such system with the capability to
adjust various artifacts or attributes in response to changes in
the ¢

adaptive software

self” and/or in the context that the software as self-

that are currently required in many
application domains like military, enterprise, industry. etc.
Several issues should be solved when developing and
running of self-adaptive systems, like software architecture,
self-adaptation mechanisms and rules, design technology,
programming language, supported platform, etc. In the past
years, many researches have been conducted in the literatures
of software engineering. These technologies provided by
these researches are useful and effective to some extent to
develop self-adaptive systems whose boundaries are definite
(i. e. » the boundaries of the systems can be clearly defined
and specified at design-time) and changes are predictable and
can be well-defined (i. e. , the changes of environment or self
can be precisely predicted and described at design-time).
However, for many complex systems like ultra-large
scale system, to precisely anticipate various changes that may
result in self-adaptation and predefine the complete self-

adaptation requirements at design-time is extremely difficult
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175-181
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and even impossible, because system is continuously evolving,
new and maybe un-known elements of the systems may
dynamically enter or leave the systems, unexpected events
may occur, and the constituents of the systems are autono-
mous and belong to different organizations. Especially, the
environment is uncontrollable and evolving. Therefore, to
completely engineer the self-adaptation into the system and
pre-define the set of self-adaptation events and self-adaptation
logic at design-time by developer is infeasible. For example,
developers can not anticipate all kinds of changes and
therefore the self-adaptation logic describing how to respond
to changes may evolve.

Therefore, it is a great challenge to develop self-adaptive
systems in open environment, in which changes may be
uncertain and unpredictable at design-time. One way to deal
with the problem is to obtain changes and dynamically form
self-adaptation strategy at run-time. The paper presents an
approach that is based on software agent technology and
the

running of such systems. Especially, we provide approach to

organization metaphor to support development and
supporting on-line self-adaptation by introducing enforcement
learning.
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