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Abstract 
Using modelling and simulations in enterprises assists decision-making and allows 
for transparent and effective judgements. Although contemporary enterprise 
models make integrated and complex process controlling possible, further strategic 
aspects in attaining optimal processes are conceivable. Instead of optimising 
individual targets (e.g., resource optimisation, capacity utilisation, etc.), an 
approach from the point of view of process quality will be presented here. A 
promising field offers the inclusion of dynamic resources in enterprise planning 
and controlling. 
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1 INTRODUCTION 

Globalisation of the market place, growing surplus production capacity, and 
potential offers resulting from them are leading to continuously intensifying 
competition in all fields of production and services. In order to compete 
successfully, enterprise management must react dynamically to the constantly 
changing market situation. Furthermore, factory structures and their configuration 
have to be regularly examined. 

Managing these tasks requires continuously developing and assessing alternative 
solutions so that favourable or optimal decisions can be made. However, it is 
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equally important to not only consider the immediate consequences of decisions, 
rather their long-term consequences as well. The difficulties ofrealising these tasks 
is a result of, on one hand, the complexity of the influences and dependency on real 
enterprise processes and, on the other hand, of the imprecise and unclear 
prerequisites for decisions in the middle-term. 

Enterprise process simulation presents itself as an important aid for coping with 
these demands. By modelling and simulating the performance of enterprise 
processes, production processes may be depicted and examined as an interaction 
between the elementary factors of the product, equipment, and human labour. 
Varying parameters or process alternatives makes it possible to orient production 
management successfully into the available scope of decision-making regarding 
contractual or optimal solutions. 

2 MODELLING AND SIMULATING PRODUCTION SYSTEMS 

Modelling enterprises, including smaller enterprises, and management processes 
presents a complex network. Modelling value-adding through the production 
process leads to demanding modelling representations regarding the interaction 
between production and fmance processes. This considerably expands the scope of 
investigation. Various studies have proved that, with the help of appropriate 
simulation tools, modelling production processes can lead to good praxis-relevant 
results. In particular, chronological process sequences in accordance with 
competing tasks and scarce resources can determine an adequate time frame with 
agreement to the real course of the process. Figure 1 shows the results of a 
simulation investigation. 
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Figure 1 Results of simulation investigation 

Simulating an order with the aid of a production system makes it possible 
to determine both time requirements and resource utilisation 
simultaneously. This task realisation is defined in a specific timeframe. In 
tum, resource consumption determines the cost of production and the 
capital lock-up in the previously defined timeframe. The simulation can 
then be used in aiding production preparation and implementation. 

3 CONCEPT OF DECISION-MAKING AIDS FOR INTEGRATED 
PROCESSES 

Despite the data resulting from the production process simulation, there is 
no guarantee for optimal results nor for the plans developed from them. In 
general, the solution in an actual situation is ambiguous and production 
scheduling is merely verified in compliance to the previous restrictions. 

The question of an optimal process demands a close examination of the problem. 
Determining process quality serves as the starting point for such examinations. 
"Process quality" is defmed as the characteristics of the value-added process which 
refer to the process's suitability to fulfil the given requirements (enterprise goals) 
as defined by the quality terminology in DIN 55350 (1987). 

The requirements on the value-added process (initiated to fulfil customers' 
demands) are derived from the common goal of enterprises everywhere to 
maximise operational efficiency and is followed with a set of supplementary 
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targets that are can be put into operation. Ziipfel (1996) subdivides this into intra-
• firm variables of resources, process efficiency, and capacity utilisation and into 

external (i.e., market-oriented) variables of supplier dependability, product quality, 
and processing time. 

In favourable cases, these variables work complementarily or at least neutrally to 
one another. However, they often compete against each other and thus an optimum 
for each can not be simultaneously achieved. While reaching individual targets is 
easy, all previous attempts to describe an analytical procedure to determine the 
overall optimality of the combined targets have resulted with nothing. 

Instead, determining and monitoring capacity utilisation, inventory, processing 
times, and deadline dependability/ delivery-readiness ratios (as described by 
Wiendahl (1991)) are sufficiently regarded as management tasks. 

Concentrating on individual targets has been the predominant focus of research. 
However, to influence process quality as an expression of all the factors 
specifically, an integrated multi-criteria assessment of all targets should be done. 
For this, it is necessary to introduce a common assessment standard which could 
consider cost, time, and quality aspects. 

The process quality control loop represented in Figure 2 is based on a real 
process replication in which the resulting data are introduced into a simulation 
model suitable for experimentation. From this, measurements can be attained and 
formed into a constant, thus allowing an assessment of a defmed target in the 
overall goal system . 

• The original standard uses "Process Efficiency" as a standard (e.g., stability, suitability, and 
disturbance-free operation of technical process. The tenn "Process efficiency" has been used here to 
avoid confusion. 



352 Integrated decision-making support 

~LI ______________ ---R-e-al--pr-o-ce-s~s----------------~I ~ 

• • • t 
Process portrayal (Simulatiou model) 

• • • Model variables I~ 

• • Model ratios 

! 
~ 

t 
Target A 

I I 
Targetn ~ 

t t 
Target system 

.-

Process 
quality 

Figure 2 Control loop 

A fundamental understanding of the cause-effect relationship between 
influential factors and the costs of the target achieving measures (control decisions) 
is necessary to be able to select and quantify goal-oriented measures when 
unsatisfactory results occur. The information required for this is prepared in a rule 
system which consists of universally applicable knowledge of the area of 
investigation on one side, and on the other side of the results of expert consultation 
and problem discussion on the part of the enterprises. 

While the rule system depicts both positive (goal-oriented) as well as negative 
. (goal-impeding) influences relating to individual targets, it does often take their 
antagonistic relationships into consideration. 

Due to the considerable amount of uncertainty regarding the effectiveness and 
influence of individual target achieving measures and obvious impossibilities, the 
simulation must re-examine the influence of the resulting data on the real process. 
This allows all effects, desired and undesired, in the rule system to be collected. By 
testing solution alternatives at regular intervals, the simulation simultaneously 
indicates a favourable variant which then is implemented as a real process 
controlling directive. 

A future enhancement of the principle presented here is that the results of the 
simulation run and its feedback from the real process can expand the rule system to 
include new recognisable patterns of interrelations between results. For example, 
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the corrections necessary for the original, subjective, fixed parameters (such as 
influence factor and operation costs) to be assessed. In the course of time, the 
complete system's "ability to learn" should lead to fewer and fewer, but therefore 
better, solution alternatives being generated. Thus the cycle period is considerably 
shortened and a truly time-oriented system is created. 

Pre-requisites 

Figure 3 Base model of investigation systems 

A sensible examination of such interrelations can only be accomplished by 
developing an active model, in which optimisation investigations can be carried 
out. Figure 3 represents a simulation model, which further describes a starting 
method for the solution process. 
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4 EXPANDING THE DECISION-MAKING SCOPE FOR PROCESS 
OPTIMISATION 

This enhanced model basis, however, still does not take into consideration all 
combinations and influence factors necessary to achieve an optimal process. In 
Figure 2, the logistical components of prpduction processes were exclusively 
labelled as the individual targets which determine process quality. It should be 
noted that negligible feedback between the available resources and the production 
costs stemming from processing the order is not included. As a result, it is 
generally agreed upon that a production facility running at full capacity will quote 
higher prices than a facility with spare capacity (this also considers concrete 
enterprise decisions). However in such cases, the question as to how high the 
production costs (e.g., necessary contribution margin) are not too ambiguous to 
answer. 

This point of view is based on the fact that essential fixed costs in a production 
facility are available at the latest in the medium-term. Included here are surface 
costs and their resulting costs such as heating, lighting, cleaning, etc. as well as 
depreciation adjustment costs and to a considerable extent, personnel costs. A 
model for optimising process resources must initially consider the influence of the 
strain of resources on production costs. 

Production 
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.... 1 .... , 

r.::--:--:--:-,--, 
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of resource ......................................................... .: 
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Legend: ~ c1assic model _.c==J-.. expandtd, dynamic model 

Figure 4 Dependencies and interactions in planning 

Production 

plan 

Additionally, the question remains as to how far resources need not be considered 
a constant parameter. In concrete situations, they may be thought of as a variable 
that can be influenced. To a significant extent this is plausible in the case of 
personnel resources. Aspects of creating more flexible working hours do not only 
influence deadlines of overall production in such models, but also the resulting cost 
situation. Figure 4 schematically demonstrates this interaction and the problems of 
a complete optimum with regard to planning production and enterprise process. 

While dynamically adapting resource capacity primarily offers promising 
approaches for optimising personal resources in individual enterprises, it can be 
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broadened to networks of enterprises. The product and! or process-dependant 
expansion and restriction result in the positive effects described above. 
Furthermore, creating process chains from such optimisation is easy (at least from 
a technical point of view) and corresponds to the root idea of operating a virtual 
network of enterprises. The problem can be certainly solved by an exhaustive 
optimisation process. 

For this purpose, evolutionary and genetic algorithms may be used. The fIrst 
investigations in this direction have yielded encouraging solution approaches. They 
were achieved on the basis of the Moduls Simple++ _GA (Genetic Algorithm). The 
structures presented in Figures 2 and 4 can thus be supplied with a mathematically 
oriented solution. 

5 SUMMARY 

Deciding an applicable optimal process requires that enterprises use complex, 
integrated systems to clarify their decisions. Enterprises should not only strive to 
improve individual targets in operational effIciency, rather they should try to 
achieve a complete higher process quality. This can be achieved by the use of 
optimising simulation processes. On this bases it is then also possible to include 
further degrees of freedom, particularly by using dynamic resources in the search 
for optimal decisions. 
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