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Abstract

The paper presents a formal system for presentation and
measurement of applications adaptability, and describes an original
methodology for building adaptive applications from various fields
of activity/research, including for computer modeling of complex
systems in physics.
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1 Introduction

Agent-based models (ABM) represent a relatively new methodology
designed to study complex systems whose properties synergistically show
the individual states of the component subsystems, and can not be
deduced through a simple extrapolation of the evolution of components
properties from a lower structural level to the higher one, but represent
gualitatively new qualities of self-organization. These models can be also
developed with adaptive computer applications.

2 Adaptive Applications

An adaptive application (AA) integrates: hardware, software, methodical
approach, design and organizational tools that perform the general
automation aspects of defined classes of problems characterized by unique
data processing technology, information processing regimes, and
conditions for unique operation of hardware and software (adapted after
[1]). AA are available on workstations of researchers, connected to
computer networks and associated in scientific research laboratories. The
Researcher's application (RA) is the hardware and software of AA,
designed to solve the researcher's concrete problems.
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Applications (A) can demonstrate the following types of
adaptabilities: (1) adapting the computer network (CN) by adding/
excluding a CN node (Acy); (2) improving computer speed (CS) to solve
research problems in a certain CN node (Acs); (3) adding/excluding a
scientific research laboratory (SRL) in the application (Asr); (4) adding/
excluding an automatic post work (APW) in SRL (Aarw); (5) expanding the

power of the application X; to solve a new research problem pell

(Ar); (6) building the knowledge base (KB) for a new CN node (Akz); (7)
building a new CN node (NCN - Ancn); (8) modifying the operating
system, system and application software in one or more nodes of the CN
(ASoft)-

Adapting an application to the advanced field of application requires
the following resources: of staff (S), of time (T) and financial (F). In this
context, the dimensions of the adaptability of each application are shown
in Table 1.

Table 1. Application adaptability dimensions
Acn | Acs AsrL | Anpw A, Axs Ancn | Asoft
1 2 3 4 5 6 7 8
1F [ Aeen/ |Aecs! |Aesri! | Aepew! |Arn! | Aexe!  [Aenen! e soft
a; ay ds g ads dg as /ag
2 S |Asen! PAscs! |Assri! |Asapw ! | Asi! | Aske!  [Asnen! Assoft
dg aio dig ai disz aiq ais layg
3T |Aren/ Arcs! |Arsri! |Arapw ! |Arn! | Atk ! |Arnen! AT sot
a7 dig dig doo az1 az Ao =

The degree of adaptability of the AA to the family of research issues
(FRI) is characterized by three indicators:

v’ the ratio between the average cost of achieving a new issue in the
FRI in a specific application SA using AA and the average cost of
doing the same problem without using AA;

v’ the ratio of the average staffing requirement (manxdays) to the
achievement of a new FRI problem in an SA using AA and the
average staffing requirement (manxdays) of the same problem
without using AA,
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v the ratio of the average time needed to achieve a new issue in the FRI
in an SA using AA and the average time required to achieve the same
problem without using AA.

Measuring the degree of adaptability of applications and/or
comparing the adaptability degree of different applications uses one,
several or all of the adaptability dimensions of the applications integrates
24 adaptability indicators of the applications (see Table 1). This
adaptability measurement system is universal. Each indicator represents a
dimension for assessing the adaptability of applications.

Adaptive applications offer the following benefits: (1) time
diminishing, average staffing and average cost of solving problems in an
FRI in an SA; (2) a high degree of standardization of the SA; (3) high
guality of SA and AA, and so on.

Each A; application demonstrates, according to Table 1, the following

adaptabilities: ~ Adapt(A)={a,,, ..., a,,}. Let the end-user

requirements for application adaptability are specified by the set of
adaptive requirements Criteria = {¢j| ¢;>0; j=1, ..., 24}.

The Criteria reprezents a customized criteria system of the
beneficiary to evaluate the adaptability of applications. The end user's
interest Interes(A;) in the A; application, measured by the customized

24
adaptive assessment system, is as follows: Interes(A) = ch xa; | -
j=1
Thus, each beneficiary can build a customized application
adaptability assessment system specifying the adaptability criteria.

3. Life Cycle of the Adaptive Application

The fact that an adaptive application produces additional software
qualities for the user needs, requires a technique for building adaptive
applications that includes [2]: (1) definition of the AA requirements; (2)
application domain (AD) description; (3) building a formal (axiomatized)
theory of AD developed at the step (2); (4) elaboration of the AD language
of the formal theory developed at the step (3); (5) specifying families of
the AD problems required by the beneficiary for computing; (6) building
the AD computer platform; (7) elaborating the adaptation components of
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the computer platform developed at the step (6) (Adapter and other
auxiliary modules); (8) generating customized versions of the adaptive
applications by end users applying the components developed at the steps
(6) and (7); (9) exploitation, maintaining and developing personalized
applications built at the step (9) by the end users.

4. Conclusion

In this paper, an original development methodology for adaptive
applications and a system for measuring the adaptability of applications
have been exposed. The presented methodology was applied to the
development of several adaptive applications, including an adaptive-
parametric application for modeling complex systems in physics [3].
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