A Study on a Metho dology of Constructing

Dynamically Adaptable Soft w are Systems

Noriki Amano

Graduate Scho ol of Information Science,

Japan Adv anced Institute of Science and T ec hnology

Feb rua ry , 1999

Abstract

Now ada ys op en-ended distributed systems and mobile computing systems have come

into wide use. In such systems, we cannot obtain accurate information of dynamically

changing runtime environmen ts b eforehand. The changes of runtime environmen ts hav e

given a strong in uence on the execution of programs, which we cannot ignore. Thus,

the softw are systems that can adapt themselves to dynamically changing runtime envi-

ronments are required. W e call such softw are systems dynamic al ly adaptable softwar e

systems. Since it is di�cult to realize such dynamically adaptable softw are systems, the

need for useful metho dology to construct them increases.

In this work, we prop ose a software mo del called DAS for dynamically adaptable soft-

ware systems, and design & implement the basic mechanism of the language based on the

DAS mo del. The softw are systems based on the DAS mo del can e�ectively adapt them-

selves to dynamically changing runtime environmen ts. Its language e�ectively supp ort

to describ e such dynamically adaptable software systems. W e present the e�ectiveness

of the DAS mo del and its language. Moreov er, we also present the e�ectiveness of such

softw are systems based on the DAS mo del.

T o realize dynamically adaptable softw are systems, it is an e�ective way to change the

b ehaviors of each softw are system dep ending on the states of runtime environments. How-

ever, it is not practical to develop several versions of the same softw are system dep ending

on each runtime environmen t and/or its states. Moreov er, such b ehaviors of each software

system dep ending on the states are related with any other parts of it. Thus, it is di�cult

to control such b ehaviors of each software system from its outside. F rom such reasons,

each softw are system should have the ability that can adapt itself to dynamically chang-

ing runtime environmen ts. W e call such ability of software systems dynamic adaptability.

The dynamically adaptable softw are systems (namely

, softw are systems with dynamic

adaptability) not only adapt themselves to dynamically changing runtime environmen ts,

but also change their own functionalities exibly to make full use of the prop erties in the

runtime environmen ts.

How ev er, there is a limitation on runtime environmen ts and their states that softw are

engineers can anticipate b eforehand. Thus, there is also a limitation on the dynamic

adaptability that the softw are engineers can give to softw are systems b eforehand. F rom the reason, the mechanism of dynamic adaptability must b e extensible. Namely

, the

mechanism must b e able to change dep ending on v arious runtime environmen ts and their

states afterward.

W e prop ose a softw are mo del with dynamic adaptability in extensible wa y called DAS.

The following are main concepts of the DAS mo del.

� The basic comp onents of adaptable b ehaviors in a softw are system are pro cedures,

and the control of adaptable b ehaviors is based on pro cedure’s inv o cation.

� The DAS mo del has a v arian t of generic pro cedures (functions) based on the states

of runtime environments called adaptable pr o c e dur es.

� The control mechanism of adaptable pro cedures is realized by using r e e ction.

� A softw are system based on the DAS mo del forms a meta-level ar chite ctur e.

These concepts are based on our following ob jectives.

� High compatibility for existing software systems.

� High exibility of dynamic adaptability .

� High readability

, maintainabilit y and extensibility .

W e have a great many requirements that we wan t to use many existing softw are systems

e�ectively in op en-ended distributed systems and mobile computing systems. Therefore,

we require the metho dology that we can introduce dynamic adaptability into softw are

systems in existing languages. In the DAS mo del, the basic comp onents of adaptable

b ehaviors in a softw are system are pro cedures. Then, the adaptable b ehaviors are realized

as generic pro cedures (functions) based on the states of runtime environments called

adaptable pr o c e dur es. An adaptable pro cedure consists of several adaptable metho ds that

hav e runtime co des dep ending on the states. When an adaptable pro cedure is inv oked, a

well-suited adaptable metho d is selected dep ending on the states, and its runtime co des

are executed. This approach can b e applied to many existing languages that hav e the

pro cedure inv o cation’s mechanism in principle. Consequently

, we hav e a great p otentialit y

for e�ective utilization of existing softw are systems. In this work, we had implemented

the basic mechanism of the DAS mo del as the class libraries in Jav a (DAS class libraries).

Then, we actually intro duced dynamic adaptability into applications in Jav a. Through

the implementations of them, we presented that the DAS mo del has high compatibility

for existing softw are systems.

In our approach, to realize dynamic adaptability of softw are systems in exible wa y ,

the control mechanism of adaptable pro cedures must b e able to change dep ending on

the states of runtime environmen ts. In the DAS mo del, the mechanism itself is realized

using an adaptable pro cedure in r e e ctive way

. Therefore, it can adapt itself to the

states (namely

, it can change its own b ehaviors dep ending on the states). By changing

the mechanism dep ending on the states, we can realize adaptable b ehaviors of softw are

systems in exible way such as the temp orary restrictions & releases of their functionalities

without mo difying their original programs. Moreov er, since the mechanism is realized by

using an adaptable pro cedure, its customization is also realized by adding adaptable

metho ds incrementally without mo difying its structure. W e con�rmed such adv an tages through the implementations of dynamically adaptable software systems using DAS class

libraries. Then, we presented the e�ectiveness of such adaptable b ehaviors in exible wa y

from the examples.

A dynamically adaptable software system based on the DAS mo del forms a meta-level

ar chite ctur e. The descriptions of the mechanism that controls adaptable b ehaviors in the

softw are system (meta-level) are completely separated from the descriptions of the primary

sub ject domain in it (base-level). The descriptions of the control mechanism are hidden

into the meta-level. This separation of concerns improv es the readability

, maintainability

and extensibility of dynamically adaptable softw are systems. W e actually con�rmed such

adv antages through the implementations of dynamically adaptable softw are systems using

DAS class libraries.

Key W ords: Softw are Adaptation, Re ection, Adaptable Pro cedures,

Op en-Ended Distributed Systems, Mobile Computing Sys-

tems