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Abstract 
In the course of the project METHPRO, a reference process model was developed 
to integrate planning and control of production, maintenance and quality 
management. These reference processes were used to design a software system. 
The data and the functions that are to be managed by the software were derived 
from the process model. Based upon these classical models, an extended object
oriented PPC-system-prototype was developed. To ensure that the prototype 
complies with the reference process model, a method was conceived which 
provides a systematic procedure to derive an object-oriented model out of classical 
models. 
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1. INTRODUCTION 

Existing software systems for the production planning and control (pPC-systems) 
suffer from an insufficient support for maintenance and quality assurance features. 
This leads to deficits in processing production, maintenance and quality assurance 
orders (Figure 1). Identical or similar tasks are supported by non-harmonized 
processes or even different software systems (e. g. order capturing). This leads to 
conflicts in ressource planning (e. g. when staff is qualified for both production 
and quality management) and deficits in supporting dependent processes (e. g. 
release of test order when a completion note has been captured). Apart from that, 
information on identical business objects are not being shared accordingly (e. g. 
supplier evaluation in maintenance and production systems). 

Ressource conflicts 

• personnel 

• machines · ... 

• purchase · ... 
Figure 1 Deficits. 

No support for process dependences 

• completion note (p) • test order (q) 

• completion note (p) • maintenance order (m) . ... 

• additional maintenance charges (p • m) · ... 
Abbreviations: 
p = production planning and control 
In = maintenance planning and control 
q = quality assurance 

As a consequence, the respective processes can not be synchronized and 
synergisms can not be utilized fully. Therefore, the BMBF (Bundesministerium 
fur Bildung und Forschung) started the project METHPRO to integrate production 
planning and control, maintenance planning and control and quality assurance 
(Kees 1996). 

1 INTEGRATION OF PRODUCTION, MAINTENANCE AND 
QUALITY ASSURANCE 

To proceed production, maintenance and quality assurance orders efficiently, a 
reference process model was developed which integrates and synchronizes the 
technical order processing in these three domains to a maximum degree. 
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Furthennore, an integrated order processing makes a vast exhaustion of emerging 
synergisms possible (Figure 2). 

Figure 2 Synchronisation and synergy. 

Referring to the technical order processing, the tenns synchronisation, synergy 
and integration were defined as followed (Kees 1998a): 
• A process synchronisation describes the hannonization of processes which 

originally comprised different process elements or the same process elements 
in a different sequence. After a successful synchronisation the respective 
processes consist of analogous or identical process elements. 

• A process synergism refers to the concurrence of process elements which 
enhance the flow of infonnation within the superordinate process. The 
advantages which occur due to the improvement of the flow of infonnation are 
called process synergies. 

• Process integration combines appropriate processes and reduces the number 
of process elements. 

Examples for process integrations are listed in Table 1. 

The processes are generated and documented with the process modeling tool 
AENEIS (Ipro 1997). To provide software support for the reference processes, the 
data and the functions that need to be available were derived from the elements of 
the process model (Figure 3). 

The overall structure of the processes, data and functions is documented in the 
task model (Figure 4). 

The architecture of the :METHPRO-model complies with the Aachener PPC
model (Luczak et al. 1998). 
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Table 1 Integrated order processing for production, maintenance and quality 
assurance 

Production - Qualify Assurance 
Purchase • CAQ-data based selection of suppliers 

Order coordination 

Production - Maintenance 
Ressource Planning 

Maintenance Planning 

Tool Production Planning 

• PPC- and CAQ-data based calculation of quality 
costs 

• Coordination 
construction, 
planning etc. 

of threshold values for 
project engineering, quality 

• Integrated planning and booking of capacities 

• Machine idleness: quick identification of 
overdue maintenance activites 

• Return data capturing: generation of 
maintenance orders depending on the number of 
items produced 

• Master-Production-Schedule-controlled 
processing of tool production orders 

• Capacity planning for tools 
Qualify Assurance - Maintenance-

• Planning of the due dates of maintenance orders 
• Planning of maintenance intervals 
• Planning of reliability-features 

Maintenance - Qualify Assurance 
• Planning of the due dates of quality assurance 

orders 
• Planning of inspection features 

• Build Schedule 
• Ship Schedule 
• Spares Management 
• Seasonal Pfanning 

Customer Order Pegging 

• Autorratic Custcmer 
Order Consumption 

• Manual Customer 
___ 

Process Data and functions 
elements to be provided by 

the software 
Figure 3 Derivation of the data model and the function model from the processes. 
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Figure 4 Task model. 

2 OBJECT-ORIENTED MODELING 

Based upon theses three models, an object-oriented software system was developed 
to support an integrated planning and control of production, maintenance and 
quality management (extended PPC-system). The development process for object
oriented software systems consists of 

• object-oriented analysis, 
• object -oriented design, 
• object-oriented realisation (Booch 1994, Jacobson et al. 1994, Rumbaugh et al. 

1991, Wirfs-Brock et al. 1993). 

Since the class diagram of the object-oriented analysis model determines the 
static structure of the developed software system, the analysis class diagram is of 
fundamental importance for the whole software development process. To ensure 
that the class diagram of the object-oriented model and the underlying models 
classical models (data / function / process model) are consistent, a method was 
developed to derive the analysis class diagram from these modells. This method is 
based upon identifying communicative units in process models. Each 
communicative unit can be encapsulated and can thus serve as a basis for the class 
definition in the object-oriented analysis model. Furthermore, this so-called 
communication-oriented method provides rules to complete the object-oriented 
analysis model step by step, e. g. as to attributes, operations and relations between 
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classes (Kees 1998b). Figure 5 gives an overview of the communication-oriented 
method. 

Figure 5 Overview of the communication-oriented derivation of the object
oriented model. 

The object-oriented model which results from this derivation can be 
characterized as an initial object-oriented analysis model. It was extended to a full 
object-oriented design model by the means of classical object -oriented modeling 
techniques. 

3 SYSTEM ARCHITECTURE AND REALISATION OF THE 
PROTOTYPE 

As to the architecture of the software prototype, the following requirements were 
defined (Kees et al. 1997): 
• inter- and intranet-facilities are • platform-independency; 

to be provided; • scalability; 
• support of standard-protocols; • modularity. 
The growing importance of the programming language Java in the intra- and 
internet domain as well as the platform-independency of Java-applications lead to 
the decision to prefer Java to C++ for the realisation of the prototype. To ensure 
that the developed software supports standard-protocols it was decided to comply 
with the OMG-standard CORBA (Redlich 1996). In the course of the project, the 
CORBA-implementation OrbixWeb was used. The development process itself was 
performed with the object-oriented CASE-tool StP (Aonix 1997). Since StP 
showed certain deficits in developing Java-applications (e. g. incremental software 
generation), the tool had to be modified accordingly. Furthermore, the following 
tools were used to support the realization of the prototype: GUI-builder for the 
clients (Jfactory, Borland 1996), server desktop (Symantec Cafe, Jardin et al. 
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1997) and configuration management (Source Integrity, MKS 1997). A highlight 
of the prototype is the use of the object-oriented database Poet (poet 1997). 

The software architecture consists of three layers (Figure 6): 
• GUI-Iayer: contains a process for each user or each session, which is linked to 

the core of the prototype via COREA, 
• Application-layer contains server-processes which offer services to each other 

and to the GUI-Iayer and 
• Database-layer: manages persistent storage of all data. 

" ... ,' .. ,.,"..; 'N.C are the 

Prototype Prototype 

DB 

Figure 6 Software architecture. 

LogManager 
SessionManager 

SecurityManager. .. 

GUI: Graphic User Interface 
APP: Application 
DB: Database 
CORBA: Common Object Request 

Broker Architecture 
JDBC: Java Database Connectivity 
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