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1 Outline

Subject of the proposed research project is the coordination of production networks based on
multi-agent system technology (MAS technology). An ontology-based communication mod-
ule pérmitting semantic representation of data, information, and knowledge structures as well
as syntactiéal representations will be developed within a network orien_ted plalining system.
The project focuses on networks yvhose components (“units”) are autonomous agents, but
with a coordination of these agents” activities being considered as.an essential recjuifement.
Examples are the vertical cooperatlon along the supply chain or the horizontal coordmauon
between dispersed, autonomous productlon facilities, especially of vmual enterpnses In IhlS

context, application of MAS technology is regarded as a fundamental requlrement for devel—

.oping and implementing adequate coordination systems rather than as an alternative to con-

ventional, locally planning approaches.
Within the intended project, MAS technology perfonns two functions:

a) As a modelling technique 1t descnbes and explains the behavnour ofa real-world net-

worked system.

b) As a development technique it serves for the implementation of integrating — nvotb neces-
sarily integrated — software systems, with autonomous planning agents being subjects
of integration. b : e
Different autonomous planning units may use different planning languages. Therefore, (
merely syntactical representation of information or knowledge exchange’ vprocesses is not ade-
quate. Even if syntactical differeﬂces of internal data structures or models can be hahdle(i by

using standardized interfaces, semantic differences of the urilization of these structures can-
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not. Thus, an intelligent ontology-based communication module ensuring terminological con-
sistence and coherence within the languages used by different planning agents (nodes) will

play an essential role in the coordination of planning activities.

A minimum of coordination requirement can be derived from the assumption of a superordi-
nated planning instance: Every agent-specific terminological element to be planned by such a
superordinate instance has to be defined ontologically. Starting from this minimum require-
ment, extensions will be identified facilitating node-to-node communication. This is an indis-
pensable prerequisite of a cooperation-based planning. In addition, different levels of auton-

omy will be distinguished regarding their effects upon interface modelling.

2 Objectives

2.1 Communicability

The intended project’s first goal is to improve the communicability of production-related ex-
pert knowledge in the context of short-term adaptation of existing plans, especially due to un-
expected disruptions (e.g. in the context of re-scheduling). In addition, prerequisites for the
implementation of effective operational coordination tools will be formulated. Two sub-

objectives are derived:

Ontologies which can formally be proved as common and re-usable will be developed. The
suitability of these ontologies will be tested for different reference scenarios — for different
user groups (e.g. management of different production facilities) as well as for different pro-

duction situations.

Ontology-based reference models will be supplied for the data, information, knowledge, and
process structures facilitating a coordinated short-term adaptation of plans in networks of

autonomous planning agents (production facilities, network nodes).

2.2 Integration and consolidation

Secondly, integration and consolidation of ontologies is sought. These purposes are derived
from findings of two research areas: On the one hand, formally standardized languages for the
implementation of and the communication between intelligent agents constitute a pillar of
multi-agent system research, particularly in the context of speech-act theory. On the other
hand, the conceptualization of domain-specific expert knowledge — especially the explicit

semi-formal and formal specification of conceptualizations (ontology design) — is another
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main research topic in the area of artificial intelligence, located in the area of knowledge ‘engi-
neering/knowledge management. Furthermore, the development of multi-agent systems re-
quires the consolidation of different ontologies on object-level resulting in shared amologxes
This is of particular interest in case of heterogeneous distributed planning systems in an en-
terprise network sharing common (Superior) objectives. From an outside‘perspec‘tive, such a
virtual enterprise appears as an integrated system using one consistent and cohefent ontology.
The integration and consolidation: of heterogeneous terminologies can be regarded as a very
recent, not yet fully developed field of research within ontology design. Due to the impor-
tance for the success of the intended project, gaining new findings within this field of ontol-

ogy design becomes a separate research objective.
2.3 Evaluation

The third goal is the evaluation of ontologie.g using reference models. A reference scenario of
short-term plan-adaptation problems in a network of autonomously planning production fa-
cilities using different domain ontologies serves as common basis for the formulation of (do-
main-specific) process models, for domain-independent reference models, and for the a pro-
totypical implementation of an internet-based multi-agent system. The empirical evaluatxon
process applies to those parts of the ontologies involved (domain-specific or omam-
mdependent) which are crucial for the communication between the productlon facxlmes The
layout. of the evaluation process itself depends on the architecture of the ontology consolida-

tion system (see below).
2.4 Standardization

The fourth goal addresses standardization aspects: Competitive standard tools for the devel-
opment of ontologies will be analyzed and evaluated. The use of standardized instrumonts is
considered as a prerequisite for the consolidation or integration of different ontologies, and

thus for the development of shared ontologies.

'3 Working areas

The proposed project focuses on the support of information logistics in networks of autono-
mous production facilities. Within this framework, three topics will be investigated (Figure

1):
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Figure 1: Working areas

3.1 Conceptualization

Conceptualization means to isolate and structure the knowledge about short-term adapting
plans of different nodes in a production network. This step results in ontologies as explicit
semi-formal or formal specifications of conceptualizations. Each conceptualization of (iso-
lated) node-speciﬁc knowledge items reflects the initial conditions of the proposed research
and development effort: Isolated planning activities in a network of autonomous_production
facilities. Such conditions are typical e.g. for independent enterprises comprising supplier-

and/or engineering-networks which are discussed especially in the context of sourcing poli-
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cies, and can be found as well in the context of manufacturing networks, e.g. in networks of
autonomously acting subsidiaries of a world-wide production network. This facet is disc,ussed‘

especially in the context of global manufacturmg Due to planning autonomy it must b

sumed that the network nodes — the planmng agents — do not use the same termmolog and
semantics to communicate their mdwldual declarative, algorithmic, and processual plannmg
knowledge. Rather, there are several — at least partly — incompatible termmologtcal,andy se-

mantic islands.
3.2 Integration

The second step covers the integration and consolidation of the ontologies previously formu-

lated for the individual autonomous agents. The result should be a framework which can serve

as an integrated ontology for the network of autonomously planning agents. For that purpose,
in addition to the knowledge used to adapt plans separately, the procedural and structural
Jnowledge used to take coordination decisions within the network is speclﬁed ina formal
way. Thus, the aim is to finda concegtualization and specification of the node-spreading pro-

cedural and structural “network-knowledge”.

It should be pointed out that the subject of integration is not to develop a closed smgular on-
tology. Rather, those parts of agent-specific ontologies whlch are crucial for the communica-

tion within the network will be identified. These are especially those parts which are charac-

terized by inconsistent descrlpnons of communication-relevant knowledge components in dif-

ferent agent-specific ontologies, e.g. “speech barriers” due to homonymously used terms.

The process of achieving and maintaining (knowledge-) consistency will affect these partial
ontologies exclusively. Within the intended project two competitive integration strategies will
be examined: First, consistency can be achieved by eliminating crucial inconsistencies' in_the:
agent-specific ontologies (forced internal consolidation). Second, communication interfaces
(serving as translation units) will be embodied in the network-ontology (external consolida-

tion).

'3 3 Reference models for coordinhtion issues

The third main topic is to enlarge the network-ontology by reference modeIs for those mfor-
mation and process structures, whtch are necessary for the coordination of agent-spemﬁc

short-term plan-adaptations.
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4 Methodology

Predominantly, empirical methods will be used in the intended project". The conceptualiza-
tion of expert knowledge about plan adaptation will be exemplarily carried out within selected
cooperating enterprises. A major task is the identification of terminologies used as well as the
semantic explication of the terminological entities. Concerning empirical data collection, per-
sonal interrogation — structurec‘l\and non-structured interviews — is of particular importance.
However, pre-structured writteﬁ\’}:”(;llection techniques, e.g. questionnaires, are not suitable to
discover the meaning of special “termini technici”, which are associated with enterprise-
specific terms and/or even context-specific individual (non-standard) semantics which the in-
volved employees are not conscious about. Nevertheless, even “paper-based” (written) and
electronic collection techniques will be considered as supporting tools, e.g. for the analysis of
existing data models, which are (at the very best) available in decision support systems, in

particular in production planning and control systems.

The identification and (re-)construction of the communication-crucial partial ontologies are
based on linguistically founded methods of analysis, which tap the semantic, but also the
~ pragmatic dimensions of technical terminology. Among these methods are, for instance, ana-
lytical techniques of speech-act theory, which have occasionally been used in the context of
the multi-agent systems research. Additionally, analysis methods for structuring complex
knowledge bases on the knowledge level (known from Al research) supply to the methods

toolbox.

Both the ontology design and the implementation of 2 multi-agent system prototype will be
accomplished by using available “standard methods”. On the one hand, the selection of a spe-
cific method will be based on an analysis of its relevant characteristics. For this purpose it is
suitable to rely on scientific publications, even product descriptions, and in particular on ex-
perience exchange. On the other hand, suitability of specific methods regarding project-
specific prerequisites will be evaluated experimentally. The project-specific prerequisites will

be obtained by a deductive analysis of design and implementation problems.

1) Of course, software engineering methods — even non-empirical ones — are essential, too. Nevertheless, they
are not pointed out here.
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5 Excluded Research Topics

Linguistic research topics: Naturally, the development of an ontology has a linguiétic eimen-
sion. However, due to the orientation of the proposed project — and the scientific background
of the involved researchers — linguistic aspects will not be treated in more detail than roughly

described above. Linguistic research topics are of minor importance, because only the seman-

" tics of singular terms, but not the structures of the languages used for planning purposes are

to be analyzed.

Professional software/system devela‘bment and implementation: The implementation of an
internet-based mﬁlti-agent systeni p;ofotype merely serves as a feasibility .study, }‘)oixiti,;;g oet
the fundamental feasibility of distributed plan adaptation in a network of aﬁtenomoesly plan-
ning production facilities. However, the implementation of an operational software system is

outside of the project team*s core competence.

6 Concluding Remarks

The intended project aims at the de\;elopment of effective and efficient planning tools for en-
terprise networks. It is based upon findings of recent, not yet completely developed research
areas located in business administration as well as in computer science. In eparticular,' there is
a lack of reliable rules for the selection of methods and standards to be applied. Thus, gc'c‘ess'
to the knowledge of proven experts seems indispensable. The project differs fundarriehgally
from other projects applying either proven computer science technologies to new economieal
problem definitions or new findings of computer science to problem definitions from the field

of business administration. ‘ e By

The technologies to be applied within the intended pro;ect originally stem from dxstmct mter-
disciplinary research areas. This applles to both the multi-agent system research w}uch is set-
tled mainly in the area of dzstrlbuted arty“ icial intelligence, and other dlsmplmes dealmg w1th

decision and coordination processes in complex and heterogeneous systems (e 8. coordmanon

“science). Because of this mlerdzsczplmary context, any analysns of avallable research work

remains inevitably incomplete without involving experts from several dtsczplmes, not only
from business administration and computer science but especially from the domam(s) con-
cerned. In addition, a network of cooperating enterprises and researchers can serve as a suit-
able platform for the implementation of a close-to-reality prototype of a distributed, internet-

based multi-agent system.
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