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Abstract: Reconfigurable Manufacturing Systems are the
most flexible and productive systems since they are based on
standarditemplate sub-systems and elements. Configuring
requires an analysis of the existing enterprise facilities along
with its future goals. The results of such an analysis will be
required for determining an appropriate  reference
configuration to build an enterprise. During the configuring,
the structure and the elements of systems must be modified
and adapted to new goals and new sub-systems or elements
must be added. The organization of these processes, called
Configuration Management, constitutes the main focus of this

paper.
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1. Introduction

It is proven that modern manufacturing svstems
(MS) must incorporatc flexibility, re-
configurability, plug-ability, casy maintenance,
user -friendliness, low investment costs.

It is generally known that the most efficient
methods are those applied at preliminary engi-
neering stages, which enable to form the con-
cept of the “product - process - resource” sys-
tem satisfying constraints on manufacturing
resources, such as investment costs, production
arca, capacity, and lead time. The solution of
the configuring problem of a rapid, flexible,
and accurate manufacturing system will be de-
rived through Al-based tools. General objec-
tives of this paper are to determine a methodol-
ogy. a set of models and a decision support
system architecture based on constraint satis-
faction and MAS technologies for the configu-
ration management (CM).
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2. Configuration Management
As Reengineering Technology

New market opportunities require constant in-
crease in product quality and decrease of costs
in rapidly changing environment. This trend
has become prevailing in the 90’s. Conse-
quently, the traditional concept of stable busi-
ness and manufacturing processes is overshad-
owed by concerns with flexibility and competi-
trveness [1 - 4]. In order to cope with these new
paradigms, companies need to deeply transform
their product development structures and the
structures of business processes, This must also
be accompanied by on-line transformations,
called reenginesring [I, 5]. Reengineering
helps to keep legacy applications in businesses
by transforming their current architectures into
new, highly maintainable ones.

Cooperation is one of the central requirements
for enginecring today. The area of business
reengineering with teamwork involvement or
the area of distributed production in temporary
consortia will also be analysed [6]. Multi-agent
system technology can be considered as the
basis for components’ integration into coopera-
tive reengineering process [7, 8].

In reengineering CM is one of the main con-
cerns for improving the system productivity and
reliability. CM is the approach of a system
configuring at discrete instants of time, meant
to introduce controlled changes in the configu-
ration and to maintain the integrity of the con-
figuration throughout the system life cycle. A
scheme of CM technology would result when
applying an existing control theory for CM (see
Figure 1). The main elements composing a CM
process are the following [9]:

o Configuring/Reconfiguring - defines differ-
ent baselines and associated components of
the system, and any change made on the
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components of baselines. nology concept and a set of models via inte-
e Configuration Control — develops a changgs plan grating the experience of different users/experts
for components and baselines. into (i) evaluation of external enterprise re-
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Figure 1. General Configuration Management Scheme

e Configuration Status Accounting - realises an quirements, (ii) mapping external requirements

administrative record of the system evolution. onto internal requirements (MS requirements),

; - . (iii) configuring/reconfiguring goal-oriented

» Configuration Auditing - determines whether the MS. To realizeg/thc dbore ducision making

bistiines HHee the set TeauISneI: scheme in the domain concerned, the following
Modern problem -solving strategies in manu- methods are proposed [9]:

facturing are based on a combination of such

methods as: constraint-based problem-solving,

constraint-based heuristic search, human deci-

e contribution-margin ratio analysis and cost-
volume-profit analysis for external enterprise re-

sion-making, etc. [10]. It is generally accepted Qe pecticaion,

that engineering and management (E&M) ac- e analytic hierarchy process method [14] with con-
tivities could be regarded as those involving formation of decisions 1o internal emterprise re-
search to satisfy constraints. This model has quirements specification. alternatives evaluation
been applied to a wide variety of E&M domains and selection;

including MS reengineering [11 - 13]. o GG il sithedkand il

3. Constraint-based Configura- for obtaining MS configurations.

tion Management Models Appropriate models will be developed to sam-

_ ple and order external requirements depending
Goal-oriented CM approach basically necessi- on system goals, as well as to order and choose
tates the realization of the following major among the alternative configuration solutions
configuring life-cycle phases: identification of obtained. For this purpose external experts es-
the problem/goal, formulation and specification timate alternative sets of requirements or solu-
of the current configuration, reengineering and tions from different viewpoints reflecting vati-

validation of the configuration, data collection ous aspects of reconfiguring. The GDSS is in-
and analysis, pertinent to the particular prob- terfaced through appropriate techniques to an
lem at hand; determination of variable values, intelligent front-end for group expert decision
model-oriented solver selection and constraint- support in functional and quality coefficients
based generation of new appropriate configura- sampling, weighing and evaluating with a sub-

tion solutions, interpretation and analysis of the

> . ; : sequent acceptance of conformant decisions.
solutions, evaluation and modification of the

configuration. Some of the most important template-
o _ based/artifactural reconfiguring problems under
The general objective of the current research is consideration are: (i) determination of the sys-

to contribute to building a new consistent tech- tem structure including its components and
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their relations, (ii) decision -making on compo-
nents realization, (iii) checking decision on
components to guarantee their integration
within the framework of the general project.
They arc all based on constraint satisfac-
tion/monitoring procedure (Figure 2). A struc-
ture of constraints in the general MS project as
a “product-process-resource” system is shown
in Figure 3.

Problem domain is specified in terms of tem-
plate component types in order to compose the
manufacturing system under configuring. Each
component type is defined by attributes, arith-
metic and functional constraints on these at-
tributes and by relations with other types. The
object-oriented programming paradigm is used
for knowledge representation. Components
catalogue databases are dedicated to each com-

Constraint structuring

intersection of constraints for
arc consistency

Constraint satisfaction technology

Constraint satisfaction management

of constraint

merge of constraints (logic
expression)
construction of integrated
constraints

construction of constraints
hierarchies

tveighing constraints

ontext-sensitive selection of
constraint

rdening variables m constraints (mult-
level propagation)

onstraint satisfaction problem
weakening:

enlarging a variable domain

enlarging a constraint domain

removing a variable

removing a constraint

Figure 2. Effectiveness Increase Methods of Constraint Satisfaction Technology
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Figure 3. A Constraint-based Structure of “Product-Process-Resource” System Project
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Figure 4. A Fragment from Constraints Network “Manufacturing System”

ponent type. They represent template solutions
for would-be configurations. A constraint net-
work represents the object. It is important that
each component has two scts of constraints.
The first one is the set of internal constraints,
the second is the set of external constraints.

A fragment from the constraint model of a
problem domain is depicted in Figure 4, which
presents connections between component types
and connections between variables (@, and b )

for “Machine Tool” and “Robot” expressed by
logical (by,a,,b5,a3) and functional (a3,bs)
constraints. The Figure shows the way of map-
ping relations between components, defined at
the class level, onto the level of variable values
consistency.

4. Multi-agent Group Decision
Support System

Currently MAS and WWW technologies are in
wide use. Intelligent agent is an autonomous
software entity that can navigate heterogeneous
computing environment and can, either alone
or working with other agents, achieve some
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goals. It has to present the following properties:
autonomy, social behavior, reactivity, and ini-
tiative. Allocate the following agents: (i) regu-
lation agents (they react to environment condi-
tions and always know what to do) and (ii)
planning agents (they have the properties of
regulation agents and additionally, they can
plan their actions depending on external condi-
tions) [15].

MAS technology could be considered as the
basis for GDSS. WWW technology and intelli-
gent agents arc widely used in Cooperative
E&M and Electronic Commerce [8, 16].

A configuration management GDSS is based on
a dynamic constraint networks model for
knowledge representation, object-oriented pro-
gramming technique and cooperative decision-
making. The described environment supports
users’ facilities for requirements specification
indexes sampling, weighing and multi-level
configuration synthesis. Different configuring
problems are treated as separate tasks with em-
bedded constraint satisfaction and consistency
support facilities [17].

Studies in Informatics and Control, Vol. 8, No. 1, March 1999



Relations for
“Operations - Equipment”

Relations for
“Part - Operations”

Load standdrds/

DB: Class of relations

Class manager

“Product — Process - Resource”
Model

templates techno-
logical processes

Subject domain structure

DB: Objects

Type manager

Figure 5. General Structure of Manufacturing System Configuration Management
Environment

The implementation of the basic E&M princi-
ple - its collaborative nature - is based on con-
current procedure distribution among different
users (or different agents) in the common
knowledge space. In this case it is more natural
to represent the CM knowledge as a set of in-
teractive autonomous agents. The structure of
the multi-agent environment (Figure 3), sup-
porting a teamwork, consists of three types of
agents: (1) leader agent and (ii) unit agent
(manager’s tools); (iii) service agent (knowl-
edge engineer’s tools and expert’s tools). De-
pending on the information exchange this agent
performs different functions. Through an agent
classification our agents could be related to the
following types of agents: (i) service agent is a
regular agent, (ii) leader and unit agents are
planning agents. The research profotype scerario is given
in Figure 6.

5. Conclusion

Manufacturing System Configuration Man-
agement is a truly innovative technology in the
field of manufacturing. The use of constraint &
agent-based configuration management tech-
nologies enables that fewer managers make fast
and better quality decisions on manufacturing
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configurations, based on standard template so-
lutions under rigid constraints and with re-
duced variance. The implementation of this
technology will result in improved quality. re-
duced cost, minimal errors, less personnel re-
quired, better configuration solutions.

The discussed approach implementation could
be further extended to neural networks applica-
tion in MS reconfiguring, based on previous
learning with the help of MS configuring
simulation.

Acknowledgments

This research was partially supported by the
Russian Ministry for Science and Technologies
(Grants 236.132 and 05.04.1233) during 1996 -
19938,

23



P Evaluation of manufacturing measurables

M Affordable business structure

E Costing

External constraints

P Generation of goals tree

Experts knowledge-based method of hierarchies analysis

E PQE

Configuration current state

v

Internal constraints

P Determination of configuration baseline
e L Multi-level constraint propagation :
E DESO
.......................................................................
i| Decisions Search space reduction
P Generation of appropriate configuration solutions
[I— M Solution search based on user-defined variables ordering .‘_

E DESO

Configuration solutions

P Solutions evaluation and selection
M Experts multi-criteria cooperative evaluation and selection H
E PQE ;

Reconfiguring

Configuration target state (advanced
affordable cost configuration)

Figure 6. Basic Scenario of Manufacturing System Configuration Reengineering Technology

P - Problem

M - Method

E - Environment
Costing

- Direct Costing Environment (Excel 97)

DESO - Design Environment of Structured Objects (Access 97 and Visual C++4.1)
PQE - Project Quality Evaluation (Visual FoxPro 3.0)
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