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Abstract 
Due to current market trends the necessity of decentralized and collaborative production 
management is increasing and will become more and more complex. In this situation the 
ESPRIT project DECOR specifies a framework for distributed intra- and interorganizational 
production management. Additionally, a general information system concept which designs, 
supports and co-ordinates multi-level, distributed and autonomous decision-making systems is 
being developed. 
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1 INTRODUCTION 

Traditionally, the challenge of production management has been to optimize and control 
processes and flows within a factory. Most existing production management systems are 
designed from this viewpoint and restricted to the management of in-house processes. The nT
philosophy then broadens this perspective to include the co-ordination of in-house production 
with chains of suppliers and subsuppliers. This has required a changed production management 
concept towards a hierarchical inter-site organization. 

Today three trends which stimulate a further transformation of production management 
concepts (Hirsch, 1994) are obviously: 

Globalization of markets 
Progresses in manufacturing, transport and information technologies and major political 
events are leading to globally open markets. This means most companies must operate 
in worldwide markets and with worldwide supply chains. 

Q. Sun et al. (eds.), Computer Applications in Production Engineering
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Customer orientation 
As customer satisfaction is becoming the crucial factor for competitiveness for all types 
and phases of industrial manufacturing, companies have to develop effective strategies 
for orienting enterprises toward the customer. Customer orientation has to embrace the 
"time-to-market" and the "time-in-market" phases. 
Environmental awareness 
The social pressure increases to create environmentally friendly product and production 
systems. Therefore, manufacturing enterprises have to develop total life cycle concepts 
for their products. 

These trends require dynamic and holistic production management concepts integrating 
globally distributed production processes of value-adding logistic chains. These chains have to 
be interpreted as a customer-order-oriented network of co-operating and autonomous 
enterprises. Therefore, the necessity of decentralized production management and 
decentralized decision-making will increase dramatically in the next few years and will become 
more and more complex. 

The purpose of the ESPRIT project 8486 DECOR "Decentralized and Collaborative 
Production Management via Enterprise Modelling and Method Reusage" is to provide the 
European industry with the enabling technologies for decentralized production management to 
meet the competitive requirements for the rest of the decade. 

The aim of the DECOR project is the development and application of a framework for 
managerial tools which is based on advanced information technologies and which is introduced 
for the purpose of distributed decision-making in existing and future heterarchical organization 
structures. The framework allows cost-effective integration within an open system architecture 
and will close the gap between existing production management applications and existing 
communication services. 

2 TRENDS OF ORGANIZATION STRUCTURES 

The present organizational structure of many European industrial organizations is 
characterized by the influence of Taylorist principles. This is reflected in the highly organized, 
functionally- oriented hierarchy. The weaknesses of such a system of organization are 
recognized by many enterprises. First attempts were the introduction of cost and profit centers 
as the basic organization structure (see Figure 1). These approaches promote the 
decentralization of production management but have an intra-factory orientation. 

Figure 1 Trends of organization structures. 
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Due to the globalization of markets and production European industry operates necessarily 
in a highly distributed business environment. Also, the trend towards lean production and 
concurrent engineering increases the need for decentralization. European companies are also 
starting to establish manufacturing units in several different countries to provide better and 
more responsive customer service. This tends to lead to organizations with a weaker structure, 
i.e., a reduced degree of hierarchy and autonomous decision-making, thereby enabling faster, 
more flexible decisions. 

This means European manufacturers have to work within globally distributed temporal and 
logistics networks of independent enterprises and production units. The challenge of the future 
is, therefore, to define production management concepts and enabling technologies allowing 
distributed production in a decentralized and collaborative manner. 

However current information systems are designed to support the Taylorist organization 
structure: they were developed to optimize individual, defmed tasks. In other words, the 
development of these systems has limited the organization to a functional orientation and has 
either ignored or neglected to take into account the incorporation of any one task into a chain 
of processes divided into different organizational units. This means that these decision making 
systems do not support the communication and information exchange between themselves. But 
the missing link between decision making systems and existing communication services prevent 
also a process oriented integration. 

In order to achieve a process-oriented structure, the focus of the DECOR effort is aimed at 
creating a technical framework/system for supporting the integration of functions within a 
process chain. The solution of management problems must not be allowed to occur through 
increasing sequentialisation and building up the hierarchy for individual tasks, but should utilize 
infrastructural support for the single process as well as the overlapping process chains. This 
means on the one hand that the right information should be in the right place at the right time. 
On the other hand, organizational units should be able to draw upon decisions from other units, 
so that a type of PULL principle is created. 

3 REQUIREMENTS TO FUTURE PRODUCTION MANAGEMENT 
SYSTEMS 

Especially production management problems require a series of decisions with an increasing 
level (multilevel) of detail. Each level has a specific level with respect to the planning horizon, 
the aggregation and certainty of information. The contradictory objectives resulting from these 
differences are showing the increasingly importance of concepts for multi-level decision 
problems, also with respect to autonomous organizational structures which require 
decentralized decision making sub-systems. 

Due to the business strategy to produce goods within a multi-site and multi-supplier 
environment - additionally enterprises will not be integrated in stable, long-term relationships 
but will have to work in changing consortia been constituted customer order oriented -
decisions will have to be harmonized between different sites. 

In addition to these rather strategic motivations for decentralizing control in manufacturing 
systems, there are several specific reasons at the operational level of production management 
supporting a decomposition of the overall problem and distributing control in solving it 
(DECOR, 1994). 
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Opposite to many previous approaches, production management in a distributed 
manufacturing environment should be based on both vertical and horizontal interaction of 
relatively independent, i.e., loosely coupled, and opportunistically behaving decision-making 
subsystems. 

The thrust in the proposed approach is that a distributed production management system 
exhibiting the characteristics listed above can be constructed by having the individual decision
making subsystems within the production organization (e.g., work areas, departments, product 
factories, autonomous sites etc.) to exchange between themselves information regarding local 
operational constraints. If this constraint information (e.g., release date and due date of a 
particular operation sequence, delay of the release date of a particular order, etc.) is being 
passed both vertically, i.e., between the superior and the subordinate organizational unit, and 
horizontally, i.e., from peer to peer within the organization, and if the incoming information is 
being analyzed based on local circumstances before any action is necessarily taken, efficient co
ordination can be facilitated. 

The production management system has itself to provide a solution along both the 
computational, i.e. the processing level of distributed management, and along the behavioral, 
i.e. the problem solving level of distributed management. Categorically, a system for 
distributed production management has to support the implementation of three classes of 
management knowledge: 

1. Domain knowledge covering the representation of all the physical and conceptual 
entities in the production organization, 

2. Problem-solving knowledge defining the actual production management procedures 
and problem-solving rules, and 

3. Communication knowledge establishing co-ordination links within the distributed set 
of loosely coupled decision-making subsystems. 

4 DECOR ARCHITECTURE 

The DECOR architecture decomposes a production management system into individual 
Decision-making Subsystems (DMSs) (DECOR, 1993). No matter, what level of abstraction 
or aggregation, a single DMS always covers the production management problem in a two
level planning hierarchy as depicted in Figure 2. An individual DMS can therefore be 
responsible for the management of an production unit e.g. an entire factory and the associated 
sub-unit level e.g. production departments. Each sub-unit again, can be modelled to be covered 
by a "more detailed" DMS going down to the individual work area level with regard to its 
scope of problem solving. 

The justification for the architecture is to distribute decision making in a production 
environment into fairly independent nodes, and co-ordinate amongst nodes to keep the overall 
system consistent. In the DECOR architecture, a DMS itself consists of a Problem-solving 
Module (PSM), a Message Management Module (MMM), and a Domain-modelling Module 
(DMM). These modules will be described in the following chapters. 

Since the functional architecture (but not the contents) of any DMS is similar from one 
DMS to another, the DECOR architecture is capable of modelling a distributed production 
management system no matter what the level of abstraction is, i.e., if it is distribution amongst 
work cells in a factory or distribution amongst entire factories or both. 
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Figure 2 The DECOR architecture 

4.1 Problem Solving Module 

445 

As a problem-solving and co-ordination environment, the DECOR target domain, i.e., the 
manufacturing organization may be characterized as semibenevolent: different subsystems in 
the hierarchy are self-interested and "greedy". They usually have conflicting goals and crossing 
local preferences. Sub optimal solutions may well be in conflict with the more global interests 
and preferences of the organization. This means that the competing subsystems have to com
promise in favour of global concerns. A basis for making the compromises is the global set of 
system objectives which is decomposed and distributed amongst the subsystems. The crux of 
co-ordination in a dynamic manufacturing environment is hence adaptation of the local plans in 
response to various disturbances so that the well being of the overall system is guarantied. 

Because of its inherent nature, distributed production management requires a co-ordination 
framework which combines goal-directed and opportunistic local reasoning with the need to 
ensure coherent network behaviour. Achieving coherence refers to the problem of defming co
operation strategies to assure that a community of agents will work together in order to 
optimize some global criteria. These criteria may involve balancing the work load between the 
agents, minimizing the problem-solving time, maximizing the quality of the solution, etc. It is 
precisely the competing yet co-operative nature of the environment which distinguishes a 
distributed production management system from many other decentralized settings. 

The task of a specific decision-making subsystem in the DECOR architecture is to manage 
the manufacturing subproblem within the scope of the particular DMS in question. In our 
distributed model of production management, this task does not only entail the capability to 
solve a static management subproblem. Also, there must be a companion reactive capability for 
dynamically responding to both relevant changes in the local portion of the manufacturing 
system due to unanticipated events as well as changes communicated from external nodes. The 
local commitments made must be reflected in the local domain-model and also communicated 
to external nodes. 
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Our three-fold architecture (PSM,MMM,DMM) for local decision-making takes care of 
these requirements. In this context, PSM implements knowledge and methods for solving the 
local production management problem. The basic nature of local management problems is 
quite similar and suggests a uniform control architecture which will allow the application of an 
extensive set of tools for integration of problem solving software. Although basically similar, 
characteristics of local management problems will vary between decision-making subsystems 
within the entire manufacturing system, also within one factory. Hence, our PSM control 
architecture is able to support a variety of problem-solving methodologies for production 
management, and also problem solving strategies based on a combination of existing methods. 

Moreover, our requirement was that the architecture should be able to exploit existing 
software for production management without having to resort to a costly software re
engineering process. Therefore, the architecture supports the integration of different 
methodologies and existing, heterogeneous systems. Lastly, the PSM architecture facilitates 
intra-node communication, i.e., communication with DMM and MMM. 

Problem-solving Module 
Specialized applications 
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Figure 3: Structure of the Problem-solving Module and its relation to the other modules 

In order to fulfill these requirement we have decided to use the Blackboard framework as a 
control metaphor for the PSM (DECOR, 1994). The Blackboard co-ordination metaphor casts 
problem solving as an incremental process wherein individual problem solving "experts" with 
well-defmed areas of competence (knowledge sources) opportunistically contribute to the 
development of the overall solution (see Figure 3). The Blackboard approach has its power in 
organizing problem-solving by means of multiple independent knowledge modules, possibly 
based on different problem solving methods, and knowledge representation techniques. The 
Blackboard model is general in the sense that it supports state-of-the-art, opportunistic 
production management methodologies based on multiple knowledge sources as well as more 
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monolithic methodologies. The blackboard model constitutes a framework which supports 
integration of heterogeneous production management software and offers large-grained 
modularity for distributed design, implementation, and maintenance. 

4.2 Message Management Module 

A fundamental approach of DECOR is to enable and support loosely coupled, hierarchically 
organized decision-making systems. Within such a distributed environment the decision making 
subsystems need to be able to interact, that is, to exchange different decisions between each 
other. These decisions may include task and responsibility assignments, management decisions, 
information about sudden changes in plans, etc. The loose coupling implies restricted 
communication between the nodes of the hierarchy, thus requiring intelligent communication 
control. 

The communication in DECOR consists of information passed between nodes in the form of 
structured messages. Each node in the hierarchy uses a set of so-called heuristics to interpret 
the incoming messages and to guide and constrain the communication traffic. The 
interpretation of the messages is based on a number of different criteria, some of which are 
local and specific to the recipient, some of which are global and general in the hierarchy, and 
some are case-specific to the message. 

The problem-solving message mechanism has to be able to answer the following questions: 
1. When to send messages to other nodes? The system should be able to decide in which 

cases to actually communicate with which other nodes. 
2. What are the contents of the messages? What data to exchange with the other nodes? 
3. How to react to incoming messages? The system should trigger and perform the 

appropriate and necessary procedures. 

In order to fulfill these requirements the MMM supports the administration and 
interpretation of different types of process models (Kuhlmann, 1994). In the following these 
different types and their management are described. 

Global process models 
With global process models the information flows between a network of decision subsystems 
are specified. The descriptions created by the subsystem responsible for the whole process can 
be product- or project-related. They contain the main tasks defmed as activities, the related 
subsystems, e.g. those which perform the tasks, and the data flow represented as generalized 
documented classes. 

Local process models 
This model type enables the configuration of message management modules according to the 
specific environment of a subsystem. Local process models are installed expressly for each 
message management module and specify the standard processing of incoming and outgoing 
messages. These defined processing procedures enable both an heuristic and rule-based 
description of subsystem-related handling of messages. 
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Figure 4 Process models 
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A particular process model enables the definition of a procedure describing the processing 
steps for a specific message during its life cycle. Since this kind of model enables that a 
particular sequence of a message be performed, a particular process model is directly 
connected to a message and is transferred with it (i.e. the message includes it). 

Model management 
For the management of the three different types of models, an MMM contains a process model 
administrator and a process model interpreter. The underlying mechanism is based on a process 
description language which allows the definition of processes and the control of the related 
information flow. 

Based on the valid process model and the analysis of the included control data, the process 
model interpreter can trigger the necessary processing steps. During the model definition phase 
it also supports the testing of process models regarding their syntactical correctness. 

4.3 Domain Modelling Module 

The DMM models the underlying production data and knowledge with respect to the particular 
DMS in question and also acts as an interface to a distributed database which stores this 
information. The Domain Model captures all the production entities relevant to a particular 
decision-making subsystem. The entities may be either physical objects (products, resources, 
operations, etc.) or conceptual objects (customer orders, process plans, static or temporal 
relations, etc.). This means the DMM provides a comprehensive, "deep" model of the 
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underlying manufacturing facilities and processes. It combines a multilevel representation of 
the basic entities and their relations in the decision domain with an active representation of the 
various constraints on these basic entities. The DMM provides both the MMM and the PSM 
with the required domain knowledge. 

The DECOR distributed database accessed by the individual DMMs provides a single and 
unique repository for storage, access, distribution, and maintenance of all information and data 
utilized for and generated during the use of the associated application. 

Another important feature of the DMM is the possibility to diagnose the performance of the 
related production sub-unit in order to evaluate the major bottlenecks and to perform deviation 
analysis. 

5 SUMMARY 

In order to support the current trend of production management approaches towards 
collaboration and distribution, the ESPRIT project DECOR has developed a conceptual 
framework and a set of software tools for the design and coordination of decentralized 
production management applications in distributed manufacturing environments. The first 
prototypes of the above-mentioned modules are available for MS-Windows. At the moment 
the implementation of these prototypes is being performed at two industrial sites. With these 
test cases the DECOR project demonstrates its solutions within: 

two contrary production types: one-of-a-kind and repetitive production. 
the three levels of production management: strategic, tactical and operational. 
different product life-cycle phases: production and after-sales. 
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