
Abstract no. 011-0535 

 

Flexible Configuration Logic for a complexity oriented 

design of production systems  
 

 

Volker Stich, Henrik Wienholdt 

Research Institute for Operations Management (FIR) at RWTH Aachen University 

FIR at RWTH Aachen University, Pontdriesch 14/16, D-52062 Aachen, Germany 

Email: Henrik.Wienholdt@fir.rwth-aachen.de, Phone: +49 241 477 05 421 

 

POMS 20th Annual Conference 

Orlando, Florida U.S.A. 

May 1 to May 4, 2009 

 

 

Abstract 

To keep work and production sites in high-wage countries like Germany, companies have to 

focus on the production of complex and customer individualised products. This results in the 

necessity of flexible and efficient production systems. In a subproject of the cluster of 

excellence “Integrative Production Technology for high-wage countries” at RWTH Aachen 

University a configuration logic is developed that enables companies to configure their 

production systems in a way that customer specific products can be produced at the costs of 

mass production. In the project a holistic description model for production systems has been 

defined. With numerous attributes in the sub models (e.g. Supply Chain) a detailed 

characterization of the production system is possible. Case studies helped to identify the 

interdependencies among all attributes. Finally external and internal complexity drivers have 

been identified to allow a configuration of a production system that is able to deal with 

dynamic influences. 



I. Customer specific products at the costs of mass production 

During the last years the increasing globalization lead to a higher competitive pressure at 

producing companies in high-wage countries like Germany [1]. To persist within the 

competition, companies in high-wage countries produce customer specific and high-quality 

products. To be able to react quickly on individual customer needs, a high flexibility in the 

production planning and the production itself is obligatory [2]. Nevertheless, costs have to be 

held low to keep the difference to mass products that have been produced in low wage 

countries as small as possible. Therefore a production system is necessary that reduces the 

existing polylemma of production between economies-of-scale vs. economies-of-scope on the 

one axis and individual, flexible, value oriented production vs. planning orientated production 

on the other axis [1]. 
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Fig. 1: Resolution of the Polylemma of Production [1] 

 

The reduction and finally the resolution of the polylemma of production is the main objective 

of the major research project “Integrative Production Technology for High-Wage Countries“ 

at RWTH Aachen University. One of the subobjectives is the development of a configuration 



logic that helps to optimally design production systems which allow a production of customer 

specific products at the costs of mass production. Therefore a description model has been 

developed that based on a comprehensive literature analysis describes production systems in a 

holistic way. The description model is the basis for the development of the configuration 

logic. 

 

II. Scientific and practitioners definitions of production systems 

From a scientific perspective the term “production” as the value-creating-process describes 

simply a transformation of materials, services, rights and information. All can be either input 

or output of the transformation process [3]. Furthermore, “systems” are collectives of objects 

that are related to each other in a certain way [4]. Combining both definitions a “production 

system” is the describing element for the holistic organization of the production [5]. A 

production system includes all necessary concepts, methods and tools for an efficient and 

effective transformation process of several input factors into products and services. 

The scientific definition of production systems implies the question for the methods, concepts 

and tools that are the key factors for an efficient production and thus efficient production 

systems. In this context practical examples for successful production systems have to be 

analysed. There are generally three different approaches for the configuration of the 

production systems: Taylorism, partly-autonomous group work and the Toyota Production 

System (TPS) with its derivates [6]. Taylorism in this context is the application of work 

separation based on F.W. Taylors Scientific Management approach to achieve economies-of-

scale by a takt-based mass production [7]. On contrary the approach of partly-autonomous 

group work was based on the flexibilisation of work in the hope for a higher productivity with 

highly educated and autonomous workers [6]. The third approach, the Toyota Production 

System, seems to be the most successful approach within the last decades. Continuously 

developed by the japanese car manufacturer Toyota since the mid of the last century, the TPS 



is a success story by its own [8, 9]. Aiming at the elimination of all not-value-adding 

production steps, the TPS is nowadays a worldwide known and applied collection of methods 

like KANBAN and KAIZEN. Derivates of the TPS can be found in most of the big companies 

around the world. 

 

III. A holistic model for the detailed description of production systems 

Within the research project “Integrative Production Technology for High-Wage countries“, a 

framework for production systems has been defined. This includes the whole value chain 

from sourcing at the resource market with its suppliers via different production steps within a 

company until the distribution logistics to the customer. Thus, it allows a holistic view on the 

whole production system. Additionally in focus are the labour market as “supplier” of 

qualified work force and the technology market which mainly influences the quality of the 

companies’ production and assembly facilities as well as abilities. The central element of the 

model is - in relation to Porter’s value chain - the production process [10]. All elements within 

the production system are linked with the companies’ quality management system. 
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Fig. 2: Scope of the configuration logic 



Therefore the model consists of different partial models: Distribution, Sourcing, Quality 

Management, Production Process, Production Technology and Product Architecture (see Fig. 

2). In a multi-staged procedure all these partial models have been detailed with describing and 

characteristic elements. In analogy to the morphological analysis a detailed model for the 

production system was described. Within the next steps, relations and interdependencies 

among different partial models have been identified. Finally the unified modelling language 

(UML) has been used to combine the describing elements and its interdependencies in one 

form of notation (see Fig. 3). 

Only by the consideration of all directly or indirectly participating elements of the value-

creation-process a holistic description of the production system can be assured [11]. The 

description model has been validated in several industrial case studies with different 

companies. This assured the completeness of the description model. Further, more detailed 

case studies will assure the validity of the identified interdependencies and restrictions 

between the describing elements. This yields to the regulations that are needed for the 

development of a configuration logic.  
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Fig. 3: Development of a holistic description model 

 



IV. Complexity in Production Systems 

In intuitively lead discussions, there is surely consensus that production systems are complex 

systems. Nevertheless, a more detailed definition of complexity is needed for a scientific view 

on complexity in production systems. Schwaninger [12] defines the complexity of a system as 

the number of states and behaviors the system can adopt. Therefore the complexity of a 

system is proportional to the amount of information needed to a) describe the system and b) 

dissolve the associated insecureness of the systems possible states. In Cybernetics as the 

related science the complexity of a system is measured with “variety” which describes the 

number of possible states a system can adopt. The variety is directly dependent of several 

further measures, which include the amount and difference of the elements within a system 

and all possibilities of interaction of these elements. Furthermore there is a dynamic inherent 

to the system: the predictable and non-predictable change of the systems behavior. Therefore, 

Schuh et al. [13] define the real complexity within a production system as the unpredictability 

of the production system’s behavior; the system’s dynamic. The numbers of elements and 

their interdependencies can be defined as the complicated character of systems. It is not 

complex as it can be dealt with structuring approaches like the above described holistic model 

of a production system (see Fig. 4). 

 

In addition to the description model an analysis of the complexity within the production 

system is necessary for the development of a complexity oriented configuration logic for 

production systems. In this context “complexity drivers” have to be identified within 

production systems. Complexity drivers are all influence factors and elements that lead to a 

rise of the complexity level within the system [14]. According to the above given definition it 

has to be distinguished between complexity drivers that increase the complexity of the system 

(the dynamic) and those that make the system more complicated. Therefore there are two 

kinds of complexity drivers. Firstly there are complexity drivers that simply lead to an 



increase of the number of elements within the system like the number of products and product 

variants, the length of the bill-of-material or the number of production steps necessary to 

produce the finished goods. Secondly there are complexity drivers that lead directly to an 

increase of the dynamic in the system. Measurable examples for those complexity drivers are 

the deviations of the lead time, the cycle time, the production time, the production quality or 

the deviation of the customer demand. All those complexity drivers can be measured with the 

standard deviation. 

 

Fig. 4: Classification of complexity [15] 

 

V. Complexity oriented configuration of the production system 

A detailed analysis of the complexity drivers, especially of measurable complexity drivers, 

allows the use of different approaches for a complexity oriented configuration of a production 

system. In this context a classification of the complexity drivers is helpful. Thus, Suh’s 

definition of different classes of complexity has been used [16]. The approach distinguishes 

four different kinds of complexity: 

• real complexity 

• time-independent imaginary complexity 



• time-dependent combinatorial complexity 

• time-dependent periodic complexity 

Imaginary complexity in this context is defined as complexity due to a lack of information 

about the system and its behaviour. Imaginary complexity can be eliminated by improving the 

understanding of the system and by gaining more knowledge about the system. This is 

comparable to the structuring approaches for better understanding the “complicated” parts of 

systems. On contrary, periodic complexity increases over time. Nevertheless, it can be 

eliminated periodically by a “restart” of the system. Simple examples are the periodic 

cleaning and elimination of all splints in metal-cutting production technologies or 

implemented buffers within flow oriented production lines [16]. Therefore a simple guideline 

for different complexity drivers according to their classification can be developed. It will help 

to configure the production system with a minimum of complexity as soon as all complexity 

drivers of production systems are characterized and classified.  
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Fig. 5: Segment specific configuration of the Supply Chain 

 

In addition to the above described classification of complexity drivers, it is helpful to 

distinguish the complexity drivers by the impact they have on the complexity of the whole 

system. A pareto-analysis of the complexity drivers will help to identify, which complexity 



drivers have over-proportional impact on the system. Distinguishing by the impact of 

complexity drivers for different subsystems of the production system, segments of the 

production system can be identified, that can be treated differently. An example for a segment 

specific configuration of a supply chain according to Christopher and Towill [17] is given in 

Fig. 3. 

 

VI. Conclusion 

In this paper the development of a holistic description model for production systems has been 

shown. The model consists of all describing elements for the subsystems of a production 

system. The subsystems as defined in this paper are the production technologies, the 

production processes, the products and its architectures, the supply chain, the quality 

management and the related resource market as well as the market for the finished goods. 

Furthermore it has been discussed, that complexity is inherent in production systems. 

Methods have been described, that will help to measure the complexity in the system, 

structure it and hence yield to a complexity oriented design of the production system.  

The next steps of the research are the development of detailed guidelines for different 

complexity drivers. This is based on the definition of measurable complexity drivers and their 

classification. The result of the research will be a configuration logic that on the one hand 

describes the production system with all its elements and their interdependencies. On the 

other hand, methods to deal with dynamical influences are defined by developing guidelines 

that allow managers to focus on the complexity drivers that mainly lead to the unpredictable 

behavior or the system. 
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